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ABSTRACT 

This fifth of 10 blocks of student and teacher 
materials for a postsecondary level course in electronic principles 
comprises one of a number of military-developed curriculxun packages 
selected for adaptation to vocational instruction and curriculum 
development in a civilian setting. Prerequisites are the previous 
blocks. This block on solid state power supplies and amplifiers 
contains eight modules covering 124 hours of instruction on solid 
state powei supply rectifiers and filters (12 hours), solid state 
power supply regulators (7), troubleshooting solid state power 
supplies (36), troubleshooting solid state power amplifiers (38), 
solid state wideband amplifiers (7), saturable reactors and magnetic 
ampli f iers ( 5 ) , and synchro-servo systems ( 7 ) . Printed instructor 
materials include a plan of instruction detailing the units of 
instruction, duration of the lessons, criterion objectives, and 
support materials needed . Student materials include a student text ; 
eight guidance packages containing objectives , assignments , and 
review exercises for each module; and two handouts. A digest of the 
modules in the block is provided for students who need only to review 
the material. Designed for self- or group-paced instruction, the 
material can be adapted for individualized instruction. Additional 
print and audiovisual materials are recommended but not provided. 
(YLB) 
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MIUTM^Y CURRICULUM MATERIALS 



TUxe military-develc^d curriculijm materials in this course 
package were selected by the National Center for Research in 
Vocational Education Military Curriculum Project for dissem- 
ination to the six regional Curriculijm Coordination Centers and 
other instructional materials agencies. Tlie purpose of 
disseminating tliese courses was to make curriculum materials 
developed by the military more accessible to vocational 
educators in the civilian setting. 

TUxe course materials were acquired, evaluated by project 
staff and practitioners in the field, and prepared for 
dissemination. Materials which were specific to the laJjitary 
were deleted, copyrighted materials were either omitted or appro- 
val for their use was obtained. Tliese course packages contain 
curriculijm resource materials which can be adapted to support 
vocational instruction and cuarciculijm developnent. 



The National Center 
Mission Statement 



The National Center for Research in 
Vocational Education's mission is to increase 
the ability of diverse agencies, institutions, 
and organizations to solve educational prob- 
lems relating to individual career planning, 
preparation, and progression. The National 
Center fulfills its mission by: 

• Generating knowledge through research 

• Developing educational programs and 
products 

• Evaluating individual program needs 
and Outcomes 

^ Installing educational programs and 
products 

• Operating infomnation systems and 
services 

• Conducting leadership development and 
training programs 

FOR FURTHER INFORMATION ABOUT 
Military Curriculum Materials 

WRITE OR CALL 

Program Information Office 
The National Center for Research in Vocational 

Education 
The Ohio State University 
1960 Kenny Road, Columbus. Ohio 43210 
Q ^ Telephone: 614/486-3655 or Toll Free 800/ 
i-r^ w^'x 848-4815 Within the continental U.S. 
lexceptOhIo) 
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Materials for 
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Information and Field 
Services Division 



The National Center Uxr Research 
in Vocational Eciucation 






Military 

Curriculum Materials What Materials How Can These 

Dissemination Is . . . Are Available? Materials Be Obtained? 



an activity to increase the accessibility of 
military-developed curriculum materials xo 
vocational and technical educators. 

This project, funded by the U.S. Office of 
Education, includes the identification and 
acquisition of curriculum materials in print 
form from the Coast Guard, Air Force, 
Army, Marine Corps and Navy, 

Access to military curriculum materials is 
provided through a "Joint Memorandum of 
Understanding" between the U.S. Office of 
Education and the Oepartment of Oefense. 

The acquired materials are reviewed by staff 
and subject matter specialists, and courses 
deemed applicable to vocational and tech- 
nical education ^3re selected for dissemination. 

The National Center for Research in 
Vocational Education is the U.S. Office of 
Education's designated representative to 
acquire the materials and conduct the project 
activities. 

Project Staff: 

Wesley E. Budke, Ph.O., Oirector 
National Center Clearinghouse 

Shirley A. Chase, Ph.O. 
Project Oirector 



One hundred twenty courses on microfiche 
(thirteen in paper form) and descriptions of 
each have been provided to the vocational 
Curriculum Coordination Centers and other 
instructional materials agencies for dissemi- 
nation. 

Course materials include programmed 
instruction, curriculum outlines, instructor 
guides, student workbooks and technical 
manuals. 

The 120 courses represent the following 
sixteen vocational subject areas: 



Agriculture 
Aviation 
Building & 

Construction 

Trades 
Clerical 

Occupations 
Communications 
Orafting 
Electronics 
Engine Mechanics 



Food Service 
Health 

Heating & Air 
Conditioning 
Machine Shop 
Management & 

Supervision 
Meteorology & 

Navigation 
Photography 
Public Service 



The number of courses and the subject areas 
represented will expand as additional mate- 
rials with application to vocational and 
technical education are identified and selected 
for dissemination. 



Contact the Curriculum Coordination Center 
in your region for information on obtaining 
materials (e.g., availability and cost). They 
will respond to your request directly or refer 
you to an instructional materials ^ency 
closer to you. 
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Course DeSCrtptton, 

This block U the fifth in a ten block cour» provtding training in electronic principle), use of basic test equipments safety practices, circuit analysis, 
fOidering, digital techntques^ microwave principles and troubleshooting batic circuits. Prerequisites to this block are Stocks I, ll« fll and fV covering 
DC circuits, AC circuits, RCL circuits, and solid state principles. Slock V— SO//e/ ^c^te Power Stiftpties Ampiifiers contains eight modules covering 
124 hours of instruction on power supply rectifiers and filters, power supply re^tators, ^routTleshooting^ widet>and amplifiers, saturable reactors, 
nrtagnetic amplifiers^ and synchro-servo systems. The module topics and respective hours follow: 



Module 34 — Solid State Power Supply Ractifien ukI Filtmr* f 12 hours) 

Module 35 — Solid State Power Siippty Renuiatof^ (7 hours) 

Module 36 - Troublttrfioottno Solid StatA Povm Supplies t36 hours) 

MocAjie 37 — TrouWe^ooting SoiM Steti PoworAmplifTefi 02 hours) 

Module 38 — Troubleshooting Solid Stele Nenrow Band Amptifierv (38 hours) 

Module 39 - SolM Stete WidebarKl Amplifiers {7 hours) 

Module 40 — SMurable Reectora and Magnetic Amplif ieiv f 5 hours) 

ModuJe 41 - Syochro^Svrvo Systems (7 hours) 



This tTlock contains both teacher and student matefials. Printed instructor materials include a pien of instruction detailing the units ol instruction, 
duration of the l^^ns, criterion objectives, arvd support materials needed. Student materials consist of e student text used for all the modoles: eight 
guidance packages containing objectives, assignments* and review exercises for each module; two handouts on troubfeshooting solid state Pow^r 
supplies and troubleshooting solid state Power amplifiers; and a digest of modules 34 through 41 for students vwtio have some background in these 
topics and onty need to review the major points of instruction. 

This nrtaterial is designed for self' or grouP-Paced instruction to be used with the renrtaining nine blocks. Most of the material can be adapted for 
individualized instruction. Some additional military manuals and commercially produced texts are recommended for reference, but are f^ot provided. 
Audiovisuals suggested for use with the entire course consists of 143 video taPes which are not provided. 
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DEPARTT^ENT OF THE AIR FORCE 

USAF Sch of Applied Ae;:osp Sci (ATC) 

Keesler Air Force Base, Mississippi 39534 



PLAN OF INSTRUCTION 3AQR300:0-1 
6 November 1977. 



FOREUORD 



1. PURPOSE: This publication is the p^an of instruction (POI) when the 
pages shown on page A are bound into a single documentr The POI pr^s- 
cribes the qualitative re<;uirecients for Course Mumber 3AC!R30020*1 , Elec- 
tronic Principles (Modular Self-Paced) in terms of criterion objectives 
and teaching steps presented by inodules of instruction and shows duration, 
correlation with the training standard, and support materials and 
guidance. Uhen separated into modules of instruction, it becomes Part I 
of the lesson plan. This POI was developed under the provisions of 

ATCR 50-5f Instructional System Development, and ATCR 52-7^ Plans of 
Instruction and Lesson Plans. 

2. COURSE DESIGN/DESCRIPTION. The instructional design for this course 
is Modular Scheduling and Self-Pacing; however, this POI can also be 
used for Group Pacing. The course trains both non-prior service airmen 
personnel and selected re'^enlistees for subsequent entry into the equipneht 
oriented phase of basic courses supporting 3031QC, 304XX, 307XX, 309X:v and 
328XX ATSCs. Technical Training includes electronic principles, use of 
basic test equipment, safety practices, circuit analysis, soldering, digital 
technique?, TTiicrowave principles, an'* troubleshooting of basic circuits* 
Students assigned to any one course will receive training only in those 
modules needed to complement the training program in the equipment pha£3. 
Related training includes traffic safety, commander*s calls/briefings and 
end of coarse appointments. 

3. TRAINING EC!Lf^P^^ENT. The number shown in parentheses after equipment 
listed as Training Eauipment under SUPPORT MATERIALS AKD GUIDANCE is the 
planned number of students assigned to each equipment unit. 

4. P^FEREKCES- This plan of Instruction is based on Course Training 
Standard KE52-3AQR30020'-1 , 27 June 1975 and Course Chart 3AQR30020-1, 
27 Jure 1975. 

FOR THE CaMMANDER 
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PLAN OF INSTRUCTION/LESSON PLAN PART I 



HAHt OF I^STnUCTOR 



COURSE TITLt 

Electronic Ptdnciples 



SLOCK DUMBER 



BLOCK TITLE 

Solid State Power Supplies and AmtaUiers 



COURSE CONTENT 



DURATION 



1. Solid State Power Supply Hectifiers and Filters (Module 34) 

a. Given the schematic diagram for an unfiltered semiconductor 
half-v;ave rectifier, effective AC input voltage, input frequency, 
and a list of statements, select the statement that describes and/ 
or identifies the current path) the output ripple frequency; the 
peak output voltage; the output waveform* CTS* 41i(3), 51(5) 
Meas: '<! 

(1) Describe the purpose of a rectifier* 

(2) Identify schematic diagram. 

(3) Explain operation in terms of 

(a) current paths* 

(b) input and outpfut waveforms* 

(c) input frequency and output ripple frequency* 

(d) peak output voltage* 

(a) Shm7 the effect of reversing the diode* 

(5) Review voltage polarities as determined by current 

'direction. 

i . Given the schematic diagram for an unfiltered semiconductor 
rull-'V-'DVc rectifier, effective AC input voltage, input .frequency, 
and a li:;t of statements, select the statement that describes and/ 
or xcientifieG the current paths; the output ripple Xtequency; the 
peak output voltage; the output waveform* CTS* 4h(3) . 5i(5/ 
Meas; V; 

(l) Identify schematic diagram* 
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PLAM OF INSTRUCTION/LESSOH PLAN PART I (Continuotien Sh^t) 



COURSE CONTENT 



(2) Explain operation in terms of 

(a) current paths* 

(b) input and output waveforms* 

(c) input frequency and output ripple frequency. 

(d) peak output voltage* 

(3) Explain the effect on output voltage due to the center 
tapped transformer* 

(4) Show the effect of reversing the diodes and the change 
in output voltage polarity. 

c. Given the scr-^matic diagram for an unfUtered (1*5) 
semiconductor bridge recl^ifier, effective AC input voltaget input 
frequency, and a list of statements t select the statement that 
describes and/or identifies the current paths; the outpiit ripple 
frequency; the peak output voltagei the output wavefoarm* CTS: 5,') (3) 
Meas: 

(1) Identify schematic diagram 

(2) Explain operation in terms of 
(a) current paths* 

I (l ) input and output wavefoarins* 

(c) input frequency and output ripple frequency* 
i (d) peak output voltage* 

1 0) Identify the output polarity vith a3-l diodes reversed* 

] '.^iven the schematic diagram for an unfiltered (1*5) 

' ; ^:n,;-:)nduct,:)r three phase rectifier CfaLl-vmve)t effective AC input 

! voitaf'c, input i'i'equency and a list of statementSf select the state- 

j fitjnt that describes anci/or identifies the current paths J the output 

1 rii>ple frequency} the peak output voltagej the output waveform* 

\ vA::: Measi W 

(1) Identify schematic diagram 

(2) hxplain operation in terms of 



(a) current paths* 



1 

* (1.) input and output waveforms* 
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PLAN OF INSTRUCTION/LeSSON PLAH PART I (Cortlnuotlon Sh^t) 



COURSE COHTEHT 



(c) jjiput frequency and output ripple frequency* 

Cd) peak output voltage* 

(3) Explain the method of changing the output polarity* 

e. Given a list of statements^ select the one that describes 
the effect of filtering on half or fulb-wave rectification* 
CTS: 5.1(1) Meas: W 

(1) Purpose of filter 

(2) Identify proper placeraeirt of a capacitive filter* 
0) Explain capacitive filter action in terms of 

(a) charge and discharge paths* 

(b) tijne constants* 

(c) average output voltage* 

(d) ripple an^itude* 

(e) effect on average output voltage when the load 
or filter capacii^ance is varied* 

(i.) Identify proper placement of an inductive filter* 

(5) Describe inductor filter action in terms of current 

(o) Identify and explain the operation of the following 
i'illt'^r configurations. 

(a) capacitive input L* 

(b) inductive input L* 

(c) LC pi. 

(d) RC pi. 

(7) Purpose and placement of a bleeder resistor in terms of 

(a) personnel safety* 

(b) regulation. 

(8) Purpose and possible placement of surge resistors and 

capacitors. 



(2) 
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PLAN OF INSTRUCTION/LESSON PLAN PART I (CoAtlnu«tioii Sh*«t} 



COURSE CONTENT 



f. Given a schematic diagram of a semiconductor voltage (.5^ 
doubler and the peak AC voltage? determine the peak output 
voltage. CTSi 5JC2) Measi W 

(1) Identify the schematic diagram. 

(2) Explain operation in terms of 

(a) current paths. 

(b) ripple frequency. 

(c) peak output voltage. 

(i) Explain the method of changing the output polarity* 

Given a sci...:iiatic diagram and a list of statements^ select (-5) 
the one which describes an operation taking place in a semiconductor 
voltage doubler. CTS: 5.1(2) Meas: W 

(1) Identify current paths during each alternation. 

(2) Differentiate between charging and discharging 
resistance. 

(3) Explain the summing effect of the voltages developed 
ricross the capacitors. 

SUPPORT MATERIALS AND GUIDANCE 

j '..tudent Instructional Materials 

Kl-P-GP-::^, Solid State Power Supply Rectifiers and Filters 
! Kl-P-iT-V, Solid State Power Supplies and Amplifiers 

! KhP-110 

1 Audiu Visual Aids 

I TVK :;0-:;OlA, Filters and Power Supplies 
TVK : 0-307, Voltage Doubler 
TVK :0-2i6, Bridge Rectifiers 

Training: Equipment 

LC-RC Filtering Characteristics Trainer U865 (1) 
Or:cillo;5Cope (1) 
Multimeter (l) 

Training Methods 

Dir^cussion (9 hrs) and/or Progranmed Self Instruction 
CTT Assicnments (j hrs) 

17 

Hiiitiple Instructor Regoirements 
Cafety, Eqxiipment, Supervision (2) 



PLAN OF l>tSTRUCTtON/LESS;/N PLAN PART I (ConHnuotion ShMt) 

COURSE CONTCHT 



Instructional Guidance 

Make specific objective assignments to be completed during CTT tijne in KEP-GP-34. 
Have students identify active components and direction of current flow through 
each type of rectifier a number of times. Discuss the rectifier output polarities, 
waveshapes(vdthout filtering)and mathematical computations. An optional laboratory 
exercise can be performed to aid in reinforcing the theories discussed. 
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1 



COURSE CONTENT 



DURATION 



2. Solid State Power Supply Regulators (Module 35) 

a. Given a schematic diagram of a zener diode shunt regulator 
and a list of statements » select the statement vdiich describes the 
current p&thj the purpose of the series resistor* CTSi 51(5) 
Me as: VJ 

(1) Purpose and construction of a zener diode* 

(2) Recognise the voltage regulating region on a sener 
diode characteristic curve* 

(i) Purpose of the series resistor* 

(4) Identify the 

(a) schematic symbol* 

(b) schematic diagram of a sener diode shunt regulator 

(5) Explain operation in terms of 

(a) current paths* 

(b) effects on output voltage for changes in AC 
input or load. 

t.. niven a schematic diagram of a series electronic voltage 
rcpilator and a list of statementSf select the statements which 
,^ivc the effect on output voltage irtion the adjustment control is 
varied. CTS; 5i(5) Meas; W 

(1) Identify the schematic diagram of series electronic 
voltage regulator* 
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COURSE CONTENT 



(2) Purpose of the zener diode in a series electronic 
voltage regulator* 

(3) Describe the effect on biasing and voltage drops 
when the voltage adjust control is varied* 

(4) With an input voltage change, explain the effect on 
resistance of the series transistor* 

(5) Explain the effect on biasing of Ql and QZ as load is 

changed* 

SaPPORT MATERIALS AND GUinANCE 

Student Instructional Materials 

i;eP-GP-55, Solid *=^ate Power Supply Regulators 

KEP--ST-V 

ICEP^UO 

Audio Visual Aids 

TVK :>0"561, Voltage Regulators (Solid State) 
Ti^ aininf: Equipment 

ia^ctronic Voltage Regulator frainer 5797 (1) 
Multimeter (l) 

^rrainin/^ Hethods 

Diccuscion (5 hrs) and/or Prograniued Self Instruction 

CTT Acr:iciiments (2 hrs) 

Multiple Instructor Requirements 
iriTely, Equipment, Supervision (2) 

Inr^tructional Guidance 

Insure CTf time assignments are given in KEP-GP-35 and block V Student Text* 
rintallish a need for voltage regulators and classify the types to be studied* 
An optional laboratory exercise, if performed, will require the students to use 
a varlac, and this type of device Kill have to be briefly discussed* 
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COURSe CGHTCHT 



Troubleshooting Solid State Power Supplies (Module 36) 

a. Given a multimeter, oscilloscope, schematic diagram^ and a 
trainer having an inoperative solid state half-wave filtered power 
supply, determine the faulty component ti;o out of three times. 
CTSi 2b, 2c, 51(5) Meas; PC 

(1) Review the power supply trainer, oscilloscope and 
troubleshooting procedures. 

(2) Describe the effects on the regulating circxilt when 
the filtering network is inoperative. 

(3) Explain the effects on biasing of 01 and 02 for the 
following ( 

(a) 02 collector open. 

(b) 02 biasing network open. 

(c) Zener diode bypassed. 

I . Given a multimeter, oscilloscope, schematic diagram, and a 
trainer having an inoperative solid state full-'Wave regulated and 
filtered power supply, detennine the faulty canponent two out of 
three times. CTS* la» 2b, 2c, 51(5) Meas* PC 

(l) Review the power supply trainer, oscilloscope, and 

trout. leshooting procedures. 

Measurement and Critique (Part 1 of 2 parts) 
a. Measurement test 
h« Test critique 



DURATION 

(Hour*) 



12 

(9/3) 

(6) 



(3) 
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PLAN OF IHSTRUCTION/LESSON PLAN PART I (Contlnuotlon Sh*«t) 



COUftSt CONTENT 



SUPPOBT MA3ESIALS ASD (SOmUXCR 
Studepft Inatructlonal Matarlals 

iaEIM}^36t TtoUblMhoottng Solid 9t«t« Pomr SnpgliM 
KIB-ST-7 

KEP-no 

Audio v oal Aide 

TVK 30*>72Af Bow SappllM & mt«rs (T/S) 
m 30-352Bt Vdtigo Douhltra (T/S) 

TTfflfJTlrff Rn^BiMirt 

Power Supply TroublMbootlDg Tridmr 592^/ (1) 
oecUloscopo (1) 
ttuXtlneter (1) 
Meter Panel 45^7 (1) 

TyyLnlgg Methods 
PerfoTQiance (9 bra) 
CTT Aasignments (3 hrs) 

Multiple iDBtructof Reoulrementg 
Safety^ Stjilpnantt Supervision (2} 

Instructional Guidence 

Insure CTT time ajelgnoienis are giTen in KEP-SIV-V* Introduce the l«boratoi7 
exercise and stress the value of jreiCticel aiisAlcvtion of thaoritlcal knoWLedg** 
List the procedux^a fhich reqiiire caution to insure the eafety of personnel and 
equipoent. Heto the class perfom a drjr vun of the perf<nvance exercise before 

assigning them to the trainers* Inform students that Part 1 of the measurement 
trst covers modules ^4 through 36. 
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PLAN OF INSTRUCTION/LESSON PLAN PART I 



NAME OF »NSTRUCTOri 



COURSE TITLE 

gtectronlc Maclples 



BLOCK NUMBER 



BLOCK TtTLE 

Solid Sfa«t6 Poiwr Sttpplldg mi AroHJlars 



COURSE CONTENT 



DURATION 



3. Troubleshooting Solid State Pmrr AiopLUlara (Nbdnla 37) 



a. CivQn a Xiat of statemftntai select the one wtaicfa describee 
the effect of changing formtrd bias on pueb^^yiiXl aHpUflar 
class of operabioDi croascirer dlstortiori{ efficiency. 
CTSt 5c Measi H 

(1) General Characteristics 

(a) E xp lai n characteristics of power amplifiers In 
terms of power dlsslpatloni of teoqwature 
stability} matching jiignal source liQ>edance to 
load li^Mdancej ud need for heat eihks. 

(b) GlTsn a transistor characteristic curve , Identify 
the uadmtB! power dlselpatioa curve. 

(2) puah PuU (double ended) 

(c) Identify the schenatlc diasrtm of a class 6 
trinsfomeixoupled push-pull a^illfler. 

(d) Describe the signal Input requirements to a pual^ 
poll amplifier. 

(e) Purpose of the output transformer. 

(f ) Explain the effects of forward bias changes on 
class of operation and efficiency. 

(g) Cause of cross-^nrar dletortloii. 

(h) Identify a waveform that has croes*-over distortion. 

(i) Explain how class AB operation reduces cross-over 
dia^QELicm* 



12 

(9/3) 
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PLAN OF INSTRUCTION/LESSON PLAN PART I (Contlnootlon Sh^t) 



COURSE CONTENT 



( how a balanced circuit prorrldas erBD-hanonic 
canccXlabion* 

b. GiTBn the achaaatic diagrwi of a aingla atage paraphaea 
•npLifiert detarvtiia DC currant path| output ai^nali 
Toltage gain. GTSi 5c Maasi W 

(1) Identify the schmatic diagraa 

(2) Explain operatiOQ in taraa of 

(a) bandwidth 

(b) Toltaga gain 

(c) dlgnaX paths 

(d) DC current path 

(3) State the purpoee of discharge ^^iodaa In BC-<oupledt GXaas 

pusb^pQll aqxLiilera. 

c. Given the schenatic diagram for a ccotpXeaentarT^^rBwtrr circuit (I) 
using a ccmon collector conflguratlont datandne DC currant paths | 
input signal requirwants| output signals | soorco polarltlaa. 

CTSi Sc Heasi W 

(l) Identify the echsnatlc diagrsm of cwjil iiaaiil jaT^^yatry 
amplifier to include 

(a) DC path 

(b) input signal requirement 

(c) output signals 

(d) number and tTpe of transistors 
(a) Toltage source polarities 

(f ) power gain 

d. Given a schematic diagram for compoundH:oDnected power aaplifier (l) 
using a coenon base conflguratlonf datexsiae the DC current paths; 

the current gain* CTSi. 5c Measi V 

(1) Identify the schematic diagram of a coapoun^oomected power 
onpUflar using comon base configuration. 

(2) Explain operation In terms of 2^ 

(a) d±rect-cuT'r«Tt r^h^. 



PLAN OF INSTRUCTIONAESSON PLAH PART I (ContinwotiM Sh«M) 



COURSE CONTENT 



I 



i 



(b) cxirrent gala 

Given a trainer bavlng an inoperative transistor pusb-pull 
power aaplifier, schaiistlc diagram, nultlaeter, and 
oscllloacope, detaralne the faolty coapotunt two out of 
three tines. CTSi Iat?c Heasi PC 



(4) 



(1) RoTlew troiibXafihootiJig procedure* 

SUPfORT MTERUI^ AND GUIQUiGB 
Student Instructional Materials 

K£EM}p"37t TroubleahootlAg Solid State Power AspliflBre 

KEP-ST-V 

KEP-nO 

fturiio Vifiual Aids ^ ^ . 

m JU-J^Vt IvaailetorUed Puah^Pull Inpllfiar 

TVK ?0-436t Compleiientary 3jm^try 

Training EguiiMent 

Tranfliator Pusb-pull Anpllfler Traiaer 5969 (l) 
Transistor Power S^aply !Craiaer 4649 (l) 

Oscilloscope (1) 

Multimeter (l) 

Signal Generator 4364 (l) 

Training Methods 

Discussion (5 tars) and/or Ptogranmiftd Self Instruction 
Performance (4 hrs) 
CTT Assignments (3 fars) 

Multiple Instructor Haqulremegte 
Safety^ Equlpnentt Supervision (2) 

Instructional Guidance 

Give students specific objectiTss to cover during CTT time in KEJMSP-37. Discuss 
amplifier class of operation aa it is related to efficiency and fidelity. After 
explaining the Tarloua aBrpUfiers firon the aftandpolnt of current patfaet g^lnt 
efficiency and input/output polarltleSt b»e the etud^ite practice tracing current 
and identif^Flng input/output phase relationshlpa. Instruct the class to leaf 
through the laboratory exercise ™d generally famiHarige theoselTee with the 
objeotivesi procedures and noteo of safety* 
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PLAN OF INSTRUCTtON/LESSON PLAN PART I 



NAME OF IKSTrUCTOR 



BLOCK NUMBER 

V 



COURSE TJTLC 

Electronic Principles 



GLOCK T(TLC 

Solid state Power Supplies and Amplifiers 



1 



COURSE CONTENT 



ERLC 



6. Troubleshooting Solid State Narrow Band Anqxlifiers (Module 3S) 

a. Given a list of statements, select the one which describes 
the effects of load changes on Q and bandwidth of a narrow band 
amplifier. CTSi 5c Measi W 

(1) Narrowband amplifiers (RF) 

(a) Explain the result of using an LC tank in the out-^ 
put of an amplifier in terms of selectivity and sensitivity. 

(b) List the characteristics of a radio frequency 

transformer. 

(2) Given a frequency response curve, 

(a) identify the half power points* 

(b) determine the bandpass, bandwidth and center 

frequency. 

O) Describe the effect of load changes on circxiit 

(a) Q. 

(b) bandwidth. 

b* Given a list of statements, select the one which describes 
tii^ effects of regenerative feedback on narrow band amplifier 
:?t-:!cility; distortion; gain* GTSi 5c Measi W 

(l) Describe regenerative and degenerative feedback 
in term:: of aiding or opposing the input signal. 



DURATION 

(Hour*) 



d 

(6/2) 

CD 



(.5) 
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PLAM OP INSTRUCTIOH/LESSON PLAM PART 1 (Contiiiuotion SliMt) 


COURSE CONTENT 


(2) Describe the effect of excessive feedback in an RF 
amplifier in terms of 




(a) stability. 




(b) distortion. 




(c) gain. 




(3) Describe the effects of degenerative feedback on an 
amplifier in terms of 




(a) stability. 




(b) distortion. 




(c) gain. 




c. Given frequency response curves for transformer coupling! 
select the one which identifies under coupling; over coupling} 
critical coupling. CTS: 5c Meast W 


(.5) 


(1) Given a two-^tage amplifiert explain how impedance 
matching is accomplished when using 




(a) transformer coupling. 




(b) autotr ana former coupling. 




(c) pi network coupling. 





(2) Given various transformer coupling response curvest 
identify the one that represents 

(a) under coupling. 

(b) over coupling. 

(c) critical coupling. 

d. Given schematic diagrams of narrow band amplifiers , identify 
the neutralisation or unilaterall^tion components. 
CTS I 5c Meas: W 

(1) Explain need for neutralization circuits 

(2) Given a schematic diagram of a neutralized HF amplifiert 
select the neutralization components. 

(3) Explain need for unUateralization circuits 



(1) 
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PLAN OF IHSTRUCTIOH/LESSON PLAN PART I (ContinuotlM Sht*t} 

COURSE CONXeNT 



(4) Given a schematic diagram of a unllateralized RF amplifier, 
select the unilaterallzation contponenta* 

e. Given a transistor radio frequency amplifier trainer, (l) 
multimeter and oscilloscope, plot the frequency response curve and 
determine the bandpass and bandwidth at the half power points within 

+ 10 percent accuracy. CTSi iig(l). Lr(2). Lr(3) Heasi PC 

(1) Review bandpass and bandwidth. 

(2) Show relationships of bandpass and bandwidth 
to half-power points and Q* 

f. Given a trainer having an Inoperative transistor narrow (2) 
band amplifier, schematic diagram, multimeter, and oscilloscope, 

determine the faulty component two out of "three times. "CTSi "5c 
Measi PC 

(l) Review troubleshooting procedures. 

SUPPORT MATERIALS AND GUIDANCE 
Student Instructional Materials 

KEP-GP-38, Troubleshooting Solid State Narrow Band Amplifiers 

KEP--ST-V 

KEP-no 



Trairdnr: Equipment 

Solid State Badio Frequency Amplifier Trainer 5971 (1) 
Solid State Power Supply Trainer 4649 (1) 

Oscilloscope (l) 
Mulitmeter (l) 

Traininp: Methods 

Discussion (3 hrs) and/or ftrogranraed Self Instruction 
Performance (3 hrs) 
CTT Assignments (2 hrs) 

Multiple InstrUCt nr RAqiHif*P.m^t.fl 

Safetyf Equipment, Supervision (2) 
Instructional Guidance 

Assign specific objectives to be covered during CTT tijoe in KEB-GFU38# Analyze 
{^ach of the knowledge objectives contained in this module. Stress the strong 
relationship between these objectives and the laboratory exercises which follow. 
If the laboratory schedule permits, discuss each laboratory exercise separately 
before assigning students to the trainers. Have the class tadefly scan the 
procedures and explain the desired outcomes , inconaistencies and troubleshooting 
techniques* 
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PLAN OF INSTRUCTION/LESSON PLAN PART I 



ERIC 



MAMC or IMSTRUCTOR 



BLOCK NUMBCn 



BLOCK TITLE 



COURSE TFTLC 

Electronic E^rinciples 



Solid State Pbwer SupnH^^ anri An^T^fMy^Q 



COURSE CONTENT 



7. Solid State Wideband Amplifiers (Module 39) 

a. Given a pictorial diagram of square wave and a list of 
statementS| select the ones that identify the parts of the waro 
which contain high frequencies; contain low f^requencies* CTSi 5d 
Measi W 

(1) Describe a square wave in terms of frequency content, 
(a) Fundamental frequency 

(bj Odd harmonics 

(2) Identify the portions of a square wave containing 
high and low frequencies. 

b. Given a list of statements, select the one which describes 
the purpose of stagger-tuning amplifier stages. CTSi 5d Meast W 

(ij Explain how stagger tuning broadens the bandwidth. 

c. Given the schematic diagram for the video Mmliner and a 
list of statements, select the statement which describes opera±ion 
of the low frequency compensation componentsi the high frequency 
compensation components. CTSi 5d Meaai W 

(IJ Using a schematic diagram of a wideband amplifier, 
identify the 

(a) exponents that attenuate the low frequencies* 

(b) components that attenuate the high firequencies. 

(2) Explain the operation of low frequency compensation 
in terms of collector load and gain. 
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PLAM OF INSTRUCTION/LESSON PLAM PART I (Continitotion Sh*«t) 



COURSE CONTENT 



(3) Describe high frequency compensation* 

(4) Describe the frequency response of a wideband video 
amplifier* 

d« (^ven a trainer having a solid state wideband amplifier^ 
a square wave input, schematic diagraoii and oscilloscope/ draw ' 
the output waveshape indicating areas of low and high f^quency 
distortion* CTSt ^ Measi PC 

(1) Explain the effects of low frequency loss if the 
low fi'equency compensating network is shorted* 

(2) Describe the effects of an open low frequency compensating 
capacitor* 

(3) Identify oror^ompensation for high frequencies and the 
resulting waveform* 

SUFFORt UA1£RXALS AND GUIIANGE 

Student Instructional Materials 
KEP-GP-39, Solid State Wideband Amplifiers 

KEP-no 

AnHnn Visual Aids 

TVK 30-326, Square Wave Characteristics* 
TVK 50^329, Video Amplifier 

I Training. Equipment 

i Video Ajnpliner Trainer 56JiS (l) 

i Oscilloscope (l) 



^rraininiT Methods 

Discussion (3*5 hrs) and/or Rrograraned Self Instruction 
Performance (1*5 hrs) 
CTT Assignments (2 hrs) 

Multiple Inatructor Hequlremenfca 
Safety, Equipmeirt, Supervision (2J 

Instructiona]^ Guidance 

Make specific objective assignments to be completed during CTT time In KEP-GP-39# 
After covering the knowledge objectives, Introduce the laboratory exercise* 
Stress safety and discuss the procedures required to comidete the project* Discuss 
the value Oi' the laboratory exercise as a means of reinforcing objective c# 
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ELectronie PrinciTiLea 
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V Solid State Ptwer SupthHaa a^a AmnliflAi^ft 


1 COURSE COMTEMT 


2 DURATION 


3. Saturable Reactors and Magni5tic AmpUflera (Hodule AO) 

a. Given the drawing of a hysteresis curve for a saturable 
reactor, identify the magnetizing force; the coercive force; the 
residual magnetism; the flux density; the point of saturation* 
CTSt 4hCl), US Meast W 

(1) Relate the following tenns to a magnetic circuit! 

(a) Ampere turns 

(b) Magnetomotive force 

(c) Reluctance 

(d) Magnetic flux 

(2) Relate the following terms to an electromagnet t 

(a) Flux density 

(b) Magnetizing force 

(c ) Permeability 

(d) Coercive fore® 

(3) Draw and label a magnetization curve and explain 
i (a) residual magnetism* 

(b) saturation* 

(c) retentivity* 

(d) hysteresis t 
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PLAM OF INSTRUCTIONAESSON PtAM PART t (Continuotion Sh^t) 



COURSE CONTENT 



(e) nux density* 

(4) Identify the hysteresis loop of each of the foUowingi 

(a) Air*core coil 

(b) Iroixore coil 

(c) Saturable reactor 

(5) State the purpose of a saturable reactor* 

(6) Identify the schematic symbols of saturable reactors* 

b. Given the schematic drawing of a single winding satxirable reactor, 
AC line voltage, and saturating point, identify the output waveforms 
across the reactor vijiding} the load resistor* CTS* 4ii(l) Meas* W 



reactor. 



(1) Identify the schematic drawing of a single winding saturable 

(2) Explain operation in terras of 

(a) type of core* 

(b) reactor winding. 

(c) load. 

(d) core saturation points* 

(e) input and output waveforms* 

c. Given a list of statements and the schematic diagram of a two-4dnding 
!]attzrable reactor circuit, select the statement(s) that describe(s) control 
wlndinr;; load winding} load resistor} control adjustment} AC line voltage} 
control voltage} output wavBfomis* CTS* J ^ , fl ) Heasi W 

(1) Identify the schematic diagram and the 

(a) load winding* 

(b) control winding* 

(c) load* 

(d) saturation control. 

(2) Explain operation In terms of 
(a) control winding* 
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COURSE CONTENT 



(b) load wtndir^* 

(c) load resistor* 

(d) control adjustinant* 

(e) AC line voltaeB. 

(f ) control voltage. 

(g) saturated interval. 

(h) unsaturated interval. 

(i) output waveforms. 

d. Using a schematic diagram and a given set of conditions^ develop 
output waveforms for an electrically connected magnetic amplifier. 
CTS* /Ji(2) Measi W 

(1) Identily the schematic diagram of a 
(a) half-wave magnetic amplifier. 
(t>) full^iiwave magnetic ampUfl^. 

(2) List practical applications of magnetic wnpTlfler such as 

(a) motor speed ccaitrol. 

(b) motor rotation directional control. 

(c) light dimming (theaters). 

(d) welding. 

(3) Explain operation in t^nis of 

(a) AC current paths. 

(b) DC current paths. 

(c ) rectification. 

(d) input waveform. 

(e) output waveform. 
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PLAN OF INSTRUCTION/LESSON PLAN PART I (Contlnuotlon SliMt) 



COURSE C0HT6HT 



SUPPORT MATERIALS AND GUIQUKZ 
Student iMtructloml MatsrlalB 

KEP-GP-AO, Saturable Reactors and Magnetic Aapllflera 

KEP-ST-V 

Audio Visual Aide 

TVK 30-701, Saturable Reactors 

TVK 30-702, PuOl-me Magnetic Amplifier 

Training: Methods 

Discussion (4 hre) and/or Rrogramned Self Instruction 
CTT Assigmtent (1 hr) 

Instructional Guldmnre 

Assign specific objecvives to be coTvred during CTT time In KETMIP-J4O and Student 
Text for Lloclc V. Ercablisb a need for saturable reactors and the practical 
application of nutgnetic amplifiers. Discuss the Importanea of rec^Ulog prerlous 
studies in the area of magiMrtlsB* Refer the studaots to the appropriate area 

of KEP-ST-II. 
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Electronic Principles 
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V Solid State Power amnHA.<i AnH Anmlififtra 


1 COURSE CONTENT 


2 DURATION 


9* Synchro-Servo gystems (Module iil) 

a. Given a schematic diagram and a group of statementSf select 
tho statement that describes the operation of synchro system. 

CTSi Measi W 

(1) Identify the need for synchro systems. 

(2) Relate the schematic diagram of a synchro generator 
and motor to a synchro system. 

(3) Distinguish between the synchro generator and motor. 

(4) Determine f by the use of schematic, the electrical 
connections between synchro generator and motor. 

(5) Explain synchro transformer acticm as related to rotor 
and stator. 

(6) Relate electrical balance to unbalance between synchro 
generator and motor* 

(7) Determine the effects of current flow in the generator 
and motor stator windings by repositioning the generator rotor. 

(8) list the factors that affect the accuracy of synchro 

.'syijtems . 

(9) Relate electrical sero to a synchro system. 

b. Given the schematic diagram of a basic servo amplifieTf 
identify the push--pull aniplifier| the stabilization coaipanentsjthe 
feedback components* CTSl He Heasl W 

(l) Basic circuits of a servo/anqjlifier. 
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COURSC CONTENT 



(a) Error amplifier 

(b) PofWer amplifier 

(2) Given a schematic diagram, identify the 

(a) differential ampUfl^^ 

(b) pfush-*puU amplifier* 

(c) stabilisation components* 

(d) feedback componants* 

(3) Trace an input error signal through the servo amplifier, 

c. Given a bloc.^. diagram and a group of statements, select the 
statement that descilbes the operation of a servo control system* 
CTSt ne Heast W 

(1) Identify the block diagram of a basic servo control system 
which includes 

(a) input shaft 

(b) synchro generator 

(c) control transformer 

(d) servo amplifier 

(e) servo motor 

(f) output shaft 

(2) Explain operation in terms of 

(a) electrical and mechanical interccmnections* 

(b) differences between a synchro system and a servo system* 
10* Measurement and Critique (Part 2 of 2 parts) 1 

a« Measurement test 
b* Test critique 



^udent jEjistructlonal M ^^+^^tf 
KER-Giwa, 5ynchro-Servo Systems 

KEP-nO 



SUPPOKT MATERIALS AND GUIDANCE 
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COURSE CONTENT 



Audio YlBim Aida 

TVK 30-A18, Introduction to Servo Aapllfiers 
TVK Synchros 

TVK 30-75^, 



Traljiljut MgthodB ^ _ . « , x 

Dlaeusslon (5 hrs) and/ or Rrogramned Self Instructian 
CTT Asoignttente (2 hrs) 
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MODULE 34 

SOLID STATE POWER SUPPLY 
RECTIFIERS AND HLTERS 

A half-wave rectifier consisls of a power 
transfornier, a single PN junction diode, 
and a load. The diode is connected in series* 
between the translomier and the load. Since 
the diode is in series with the load and 
conducts only in one direction* current, 
through the load also flows In onlyone dlrec*- 
tlon. The DC voltage across and the cur- 
rent through the load does vary but the vari- 
ations are all above or below ground^ de- 
pending on which way the diode is connected. 
The varying voltage is caUed PULSATING 
DC. 

The variations occur because the diode 
follows the AC voltage in the secondary of 
the transformer. The diode conducts to the 
peak voltage of the transformer secondary* 
Ignoring the small resistance of the diode 
when it conducts, the peak voltage of the 
pulsating DC output is equal to the peak 
voltage by 1.414, or Epfc " ^ett ^ 
In a half-wave rectifier the diode conducts 
on every other alternation and the DC output 
varies from zero to the peak of the secon- 
dary. Although the output varies, the average 
can be determined by the formula ^avg ~ 
E^ic X .318. The diode conducts on one 
auernation and is reverse-biased on the 
other. The reverse bias on the diode when 
it is not conducting Is called the Peak 
Inverse Voltage and is equal to the peak 



voltage across the secondary. One DC pulse 
appears at the output each time the diode 
conducts* These pulsations are called RIP* 
PLE. Since the diode conducts once during 
each cycle of the input AC» thf» ripple tte* 
quency of ^ half-wave rectifier is equal to 
the freqiiency ot the input AC* The ripple 
frequency ot the rectifier in figure 34-1 
would be 60 PPS (Pulses Per Second)* 

The purpose of ^ full-wave rectifier is 
the same ^ ^ hal^wa7e recttfier» or to 
change AC to dc« A full-wave rectifier con- 
sists of an input transformer with a center- 
tapped secondary^ two dlodes» and a load* 
The diodes are connected in such a way 
that one of them conducts on EVERY ALTER* 
NATION of the AC input. 

Because of the center-tapped secondary^ 
the peak output voltage is eqMal to one-half 
the peak voltage across the entire secon- 
dary. The peak inverse voltage is equal to 
the peak voltage of the secondary. Average 
output voltage can be determined by multi- 
plying peak output (Ep^) 3c .636* Since there 
are two diodes conducting on each alterna- 
tion of the inputt the ripple frequency of a 
full-wave rectifier is equal to TWICE the 
frequency of the input AC voltage* 

A bridge rectifier is a fuU-wave rectifier, 
but it uses four diodes connected in a 
bridge arrangement* Notice that the trans- 
former secondary is neither grounded nor 
center- tapped. 



o 

jCi.... 

loo V acV /' 
60 Hz 



SBP4-498 



Figure 34-1. Half-Wave Rectifier 
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Figure 34-2. Full-Wave RectUier 
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Figure 34-3. Bridge Rectifier 



Because of this# two additional diodes 
are necessary to provide a complete path 
for current. The peak output voltage of a 
bridge rectmer is eqiial to the peak secon- 
dary voltage. The peak inverse voltage 
(piv) is also equal to the peak secondary 
voltage. Average output can be found by 
Eavtf ■ ^bk ^ -^36. Ripple frequency of a 
bridle rectifier is equal to twice the fre- 
quency of the input AC. 

Figure 34-4 shows a 3 phase lull-wave 
rectifier. This rectifier provides fuU-wave 
rectification of three-phase AC voltage. Var- 
ious combinations of the diodes form full- 
wave bridge rectifiers for each phase of the 
input. Notice that the three phases of the 
input overlap. This overlapping and the 
diode connections cause the ripple content of 
this rectifier to be very small. Conse- 
quenUy, very UtUe fUteriog is required. 
Three-phase rectification means that the 



ripple frequency of this circuit is SIX 
times the frequency of the input AC voltage. 

A voltage doubler is a circuit which con- 
verts AC to DC, provides fittering, and 
produces an output voltage which is approx- 
imately twice the peak voltage of the secon- 
dary. See figure 34-5. 

Capacitor CI and C2 each charge to the 
peak secondary voltage on alternate cycles 
of the applied voltage. The charged capa- 
citors acts as series-aiding batteries and 
the voltage across the load is the s\mi of 
the charges on Cl and C2. 

Most electronic equipment requires a 
smooth DC that approaches the rlpple-free 
output of a battery. Filters are used to 
convert pulsating DC to smooth DC. A filter 
can be a capacitor at the output of a recti- 
fier and in shunt with the load. Due to the 
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A, THREE-PHASE FULL-WAVE RECTIFIER 




B, THREE-PHASE WAVESHAPES 



REP4-$10 



Figure 34-4 
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Figure 34-5. Voltage Doubler 
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Figure 34-8. Filter Combinations 
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Figure 34-6. Half-Wave Rectifier 

load and current requirejoents, a filter 
usually consists of a combination of capa- 
citors and inductors or capacitors and a 
resistor. 

Figure 34-^6 slK)Ws a half-wave rectifier 
with a simple capacltlve filter, along with 
diagrams of the filtered and unflltered 
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(A) FULL-WAVE OUTPUT (NO FILTERING) 




M *2 '3 
(B) OUTPUT FOR FULL-WAVE INPUT 

Figure 34-7 

output. The capacitor charges quickly through 
the low internal impedance ofthe diode (short 
tiiue constant) and discharges through rela- 
tively large impedance of the load (long time 
constant). The long time constant discharge 
path through the load prevents the capacitor 
from completely discharging during the time 
tl^ diode 13 not conducting. This, in turn, 
pre\ ents the output DC from ever reaching 
zero. The filtering action reduces the ripple 
content and increases the average DC output. 
Figure 34-7 shows the filtered andunflltered 
output of a full-wave rectifier. 




The addition of an inductor (choke) in series 
with the load helps to increase filtering action, 
provides better regulation, and allows a 
larger load (greater current). Figure 34-8 
shows the various LC filter combinations to 
include the chdke input L, capacitive input 
L, and lC Pi. Sometimes, the choke in the 
Pi type filter is replaced by a resistor and 
called an RC Pi. 



MODULE 35 

SOLID STATE POWER SUPPLY 
REGULATORS 

Voltage regulators are designed to prevent 
the output voltage of a pover si^ly from 
changl'^^, even though the input ACortheload 



varies* In this section, we will discuss two 
types: the zener diode shunt regulator and 
the electronic voltage regulator (EVR). 

Zener diodes are designed to work with 
reverse breakdown voltages applied^ and 
operate in the avalanche region of the char- 
acteristic curve. Because of the area in 
which these diodes work, they are some- 
times called breakdown or avalanche diodes* 
Figure 35-1 shows the characteristic curve 
of a typical zener diode. Notice that the 
diode breaks down at point A with about 43 
volts of reverse bias applied. At this point, 
3 mA of reverse current flows. At point B 
the current has increased to 22 mA, but the 
voltage drop across the diode is only 45V. 
Between points A and B the current changes 
19 mA but the voltage only changes 2 volts. 
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Figure 35-1. Zener Diode CharacterisUc Curve 
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Figure 35-2. Zener Voltage Regulator Circuit 

Figure 35-2 shows a reguUtor circuit 
using a zener diode. CRl is in parallel 
with the load. Rl is a current limiting 
resistor in series with the k»ad. Any change 
in input voltage or load causes a change 
in current through CRl; this in turn» changes 
the total current through Bl and a change 
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Figure 35-3. Electronic Voltage Refculator 



in voltage drop across Rl. If^ for example^ 
the input voltage decreases, current through 
CRl decreases. This causes Ij through Rl 
to decrease » drop less voltage and hold 
the load voltage constant. There are two 
key points to remember. First, the current 
through CRl can vary* but the voltage across 
it remains relatively constant. Second^ since 
Rl is in series with the load^ the voltage 
drops across it and the load must add up 
to the applied voltage. Any change In cur- 
rent through CRl causes a change in volt- 
age drop across Rl^ which always works to 
hold the voltage across the load constant. 

The series dropping resistor Rl in the 
circuit just discussed can be replaced by a 
tranststor^ which is much more sensitive to 
changes in current and voltage and has a 
taster reaction time. Such a circuit is shown 
in figure 35-3. Ql is in series with the 
load and replaces Rl in the previous cir- 
cuit. Q2 and the voltage divider network R3, 
R4. and R5 make up a sensing circuit which 
causes the resistance of Ql to change. CRl 
holds the emitter voltage oi Q2 constant. 
Rl is the current limiting resistor for CRl. 
r2 is the collector load for Q2 and the 
forward bias reststor for Ql. R4 is the 
voltage adjust control, which sets up the level 
around which the circuit regulates. 

Let's suppose the input voltage starts to 
increase. An increase in applied voltage is 
immediately felt across the voltage divider 
R3» R4» R5. The voltage at R4 and the 
base of Q2 goes positive. Since the emitter 
of Q2 ts held constant^ the positive going 
change on the base results In an immedi- 
ate increase in forward bias. The increase 
in forward bias on Q2 causes the collector 
current to Increase. The increase in collec- 
tor current causes the drop across R2 to 
increase and the voltage at the base of Ql 
to decrease. The decrease in voltage at 
the base of Ql decreases forward bias and 
increases voltage drop which lowers the 
output. These changes are almost instanta- 
neous. Any change in input or load causes 
the voltage across the divider network to 
change^ which is sensed by Q2 and causes 
the resistance of SERIES REGULATOR (Ql) 
to change. R4 controls the voltage level 
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about which the circuit regulates. If the arm 
of R4 is moved up^ the voltage at the base 
of Q2 goes more positive^ increasing for* 
ward bias and collector current. The increase 
in collector current causes an increased 
drop across R2^ a decrease in forward bias 
of Ql^ and increases the resistance of Ql. 
When the resistance of Ql increases the 
output voltage decreases. The circuit now 
regulates around a lower voltage. Moving 
the arm of R4 4own causes the output voltage 
to increase. 




A. FUteredHalf*Wave Rectifier 



B. Filtered FuU-Wave Rectifier 




C. Filtered Bridge Rectifier 



Figure 36-1 



MODULE 36 

TROUBLESHOOTING SOLID STATE POWER 
SUPPLIES 

In troubleshooting the power supplies pre* 
vlously discussed^ we wiU cover the effects 
on output voltage^ ripple amplitude ^ and rip* 
pie frec^jency of shorted or apw capacitors 
and diodes. Following are three power sup- 
ply schematics (figure 36*1) with trouble- 
shooting tables (Table 36-1) for each. 



Table 36-1 
SUMMARY OF TROUBLESHOOTING 
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Figure 36->2. Schematic of an evr 

Figure 36-2 is th€ schematic ofanEVS. 
Two things are important in troubleshooting 
this circuit; the amplitude of the output volt- 
age and the ability of the circxiit to regulate. 
Assume the output is higher than normal 
and there Is no regulation. CRl could be 
open. With CBl opsn, Q 2 cannot conduct 
and the voltage on the base of Ql will be 
very high. The resistance of Ql would be 
low and the output higher than oormaL 
There is no regulation because Q2 cannot 
sense voltage changes. R3 open causes the 
same symptoms. With R3 open, the volt- 
age on the base of Q2 13 near zero and 
the base of Ql highly positive as before. 
Ql shorted will also cause the output to 
be high and: unregulated. A symptom of no 
output voltage could be caused by Ql or R2 
open. With Ql open the series circuit is 
broken. If R2 opens, there is no forward 
bias for Ql. 
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MODULE 37 

TROUBLESHOOTING SOLID STATE POWER 
AMPUFIERS 

The last stage of a series of amplifiers 
is usually the power amplifier. Power anipli* 
fiera are designedtoacbieveinajciinun] power 
sain. Transistors working at high power 
levels have certain limitations. One of these 
is the amount of power they can dissipate. 
The maximum power dissipation (PDj^j^) 
rating of a transistor is the maximum power 
it can dissipate without danger of being 
destroyed. Figure 37->l shows a PDj^i^ 
curve for a type 2N1067 transistor. Notice 
that at any point on the curve the product 
is 5 watts. The transistor must 
not be operated to exceed 5 watis of col- 
lector dissipation. Another limitation of 
transistors working at high power levels 
is the heat generated internally. Transis-* 
tors become unstable as junction temper-* 
atur*" increases. Heat sinks, in the form 
of cooling fins, are used to move heat away 
from the junctions. 



One commonly used power amplifier is 
the double-ended or PUSH-PULL amplifier. 
Figure 37-2 shows a push-pull power ampli- 
fier. The circuit is forward biased through 
Rl and the two halves of the center-tapped 
secondary of Tl. As stiown, ttie circuit 

CHARACTERISTICS 




OS 10 TS 20 2S 30 3S 40 4S SO 
COLLECTOR-TO^EMITTER VOLTS 
Figure 37-1, Vovter Dissipation Curve for 2N1067 Transistor, 
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Figure 37-2, Class A, Push-PuU Power Aniplifier 



operates class A, but for better efficiency, 
it can be operated class B. If the center tap 
is grounded rather than returned to V^^ 
through Rl, the circuit will operate class B. 
The secondary of Tl is center-tapped to 
provide two signals IBO^ out of phase but 
equal in amplitude to the bases of Ql and 
Q2. The out of phase signals cause Ql to 
increase in conduction on one alternation of 
the input and Q2 on the other. The primary 
of output transformer T2 is also center- 
tapped. The top tialf of the primary of T2 
is the collector load £or Ql. On the alterna- 
tion when Ql conduction increases, the 
changing current in the top half of the pri- 
mary induces a current in the secondary 
and one alternation is reproduced. On the 
other alternation, Q2 current through the 
bottom half of the primary, reproduces the 
other alternation at the output. It can be 
said that T2 recombines the signals which 
were split at the secondary of Tl. If Ql and 
Q2 are balanced, all even harmonics are 
cancelled. Balancing can be ckine by putting 
a variable resistance in the circuit which is 
common to the emitters of Ql and Q2. The 
power output of a push-pull amplifier can 
be MORE than twice that of a single^ended 
power amplifier. When a push*puU amplifier 
is operated at any class except A, it is 
subject to a type of distortion called CROSS- 
OVER distortion. Figure 37-3showsanexam^ 
pie of cross-over distortion in a push*pull 



amplifier. This type of distortion Is due to 
the t3ict that the SIGNAL provides the for- 
ward bias for the transistors. When one 
signal decreases in amplitude, one of the 
transistors is operating in the low forward 
bias area of its curve and distortion occurs. 
A short time later, the other transistor 
starts to conduct and produces distortion. 
This distortion always occurs around the 
point vhere one transistor is going off and 
the other coming on. Therefore, it is called 
CROSS-OVER distortion. Cross-over distor- 
tion can be eliminated or reducedby applying 
a small DC forward bias or by operating 
class AB. 




OUTPyT COLLECTOR 
»aJRRBlT 



Figure 37-^3. Class B Push- Pull Waveforms 
(Cross-Over I>lstortlon) 
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Figure 37-4. One-Stage Phase Splitter 



mentioned earlier tl.at the input trans- 
former of a puah-pull aniplitier splits the 
input into two^ equal amplitude^ 180"^ out of 
ptiase signals. An electronics circuit which 
will accomplish this is the paraphase ampli-^ 
fier or phase SPUTTER. 

Figure 37-4 shows a paraphase ampli- 
fier connected to a push-pull amplifier. 

The signals at the emitter and collector 
of Ql are ISO"" out of phase and will be 
equal in amplitude at the bases of Q2 and 
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Figure 37-5. Complementary*Symmetry 
Circuit 



Q3. increases the low emitter output 
impedance of Ql to match the higher col- 
lector impedance. Q2 and Q3 are operated 
class B with forward bias provided by the 
signjis coupled through CI and C2. In order 
to prevent tbe signal from shifting the oper- 
ating point of Q2 and Q3^ discharge diodes 
are connected to the bases. They serve as 
discharge paths for CI and C2 when the 
signals swing negative. The voltage gain of 
a paraphase amplifier is less than one. The 
low gain causes the bandpass to be greater. 
The frequency response of this circuit is 
much better than that of a center tapped 
transformer. 

A circuit similar to the push-pull ampU-^ 
fier^ but without the need of either an input 
transformer or phase-splitter is the comple- 
mentary-symmetry amplifier shown in figure 
37-5. The circuit does not need out of phase 
signals because Ql is a PNP transistor and 
Q2 is an NPN. The signal is applied to both 
bases through balance resistor R3. When the 
signal goes positive^ both bases go positive. 
TMs action causes Q2 conduction to increase 
and Ql to decrease. When Q2 conducts^ 
current flows from ground through Q2^ 
to V^^2 reproduces the positive alter- 
nation across R^. Ql conducts from V^^^^ 
Ql^ through R^ to ground and reproduces 
the negative alternation across Rx^-Theload^ 
Rl* ^iffht be the voice coil of a speaker in 
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Figure 37-6. Power Supply tor a 
Cotnplenieutary-SyniDietry Amplifier 

place oi the resistor as sho\m. Notice that 
two batteries are used so as to apply the 
correct polarity of Vqq to the two transis- 
tors. When an electronic power supply is 
used^ both positive and negative voltages can 
be obtained from the same power supply. 
A common method oi doing this is shovm 
in figure 37-6. 

The current^ voltage, and power galas of 
a common base amplifier are directly related 
to the forward current transfer ratio (alpha). 
This is the r%tio of I^^ to and the greater 
this ratio^ the greater d:^e current gain. A 
circuit which is designed to increase alpha 
is the COMPOUND-CONNECTED amplifier 
shown In figure 37-7. Ql and Q2 are both 
connected in common base configuration. 
Notice that the base current of Ql is the 
emitter or input current of Q2. Notice also 
that the two collector currents add in R^^. 
Assume each transistor has an alpha of .95 
and that the input current to Ql is 10 mA. 
Since alpha is .95, ]p for Ql is 9.5 mA. 



Figure 37-7, Compound-Connected 
Common Base 

Base current for Ql is therefore^ .5 mA. 
Input or emitter current for Q2 is also .5 
mA. Alpha of Q2 is also .95^ so Iq for Q2 
is .475 mA. Ir^ is I^q^ ^ ^CO? 9.975 roA. 

Alpha for the circuit is ^'f*?^^^ or .9975, 

10 mA 

which is a considerable increase over .95. 

Figure 37-8 shows a push-pull amplifier. 
R3 is a balancing resistor and the transis* 
tors are forward biased by Rl and R2. CI 
places the center tap of the transformer at 
AC ground. In troubleshooting this circuit, 
the things to look for are the output signal, 
its amplitude, cross^over distortion, and the 
proper DC voltages. For example, if the pri- 
mary of Tl or secondary of T2 open, all DC 
voltage would be normal but there would be 
no output signal. If the secondary of Tl or 
primary of T2 open, one or both of the 
transistors would be oU and the output 
missing or weak and distorted. If Rl and 
Cl shorts or R2 opens, the transistors would 
operate class B and cross-^over distortion 




Figure 37-8* Push* Pull Amplifier 
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would be present. Should Rl open« the 
forward bias would increase^ would be 
low on both transistors and the output would 
be larger than nornaal with possible dlstor-* 
tion. CI open would cause degeneration and 
the output would be smaller than normal but 
all DC voltages would be correct. Shorting 
R2 would place V^^ on the base leads, lliis 
would cause excessive forward bias* possi-> 
bly a blown fuse and/or destruction of the 
transistors. If the wiper arm of R3 opened^ 
both transistors would cut off. There would 
be no output signal and V^^ on Ql and Q2 
would equal V^^. 




Figure 38-X. Transistor RFAmpUfler 



MODULE 38 

TROUBLESHOOTING SOLID STATE 
NARROW BANV AMPLIFIERS 

Aiaplifiers which operate in the RFband 
of frequencies are sometimes called NAR- 
ROW BAND amplifiers. Such an ampUiter is 
shown in figure 38-1. Rl and R2 provide 
forward bias for Ql. C2 and C5 are decoup- 
lers and isolate the RF signal from the 
power supply. R4 is the DC load. The received 
signal is developed across the input tank^ 
Cl and Tl primary. The signal is coupled 
to the base of Ql by Tl. The output signal 
is developed across collector tank circuit 
C4 and primary t2. T2 couples the signal 
to the next stage. The input and output tank 
circuits are gang-tuned to the same frequency 
to improve selectivity. 

A single stage is seldom sufficient to 
provide the required RF amplification. When 
two or more RF stages are connected in 
cascade* the resultant bandwidth Is con- 
siderably more narrow than that of a single 
stage. Figure 38-2 shows two RF amplifiers 
in cascade* along with 3 tuned circuits 
required to develop and couple the signal. 
Figure 38-3 shows the response curves for 
the first tuned circuit, first stage, and the 
resultant response curve for the entire 
circuits Curve 3 shows the response for the 
entire circuit and indicates that the band- 
width is considerably more narrow than for 
one stage alone. Notice that the frequencies 
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Figure 38-2. Block Diagram of Cascaded 
RF Amplifiers 
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Figure 38-3. Response Curves for Cascade- 
Tuned Circuits 
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at the lialf-power points on curve 1 (first 
tuned circuit) are down to 30% of the max- 
iroum on curve 3. It is necessary that the 
bandwidth for each stage be wider than that 
required for the overall receiver. Figure 
38-3 also indicates that several RF stages 
increase the slope of the response curve 
and increases the selectivity. 

Noise voltages falling within the bandpass 
will be amplified along with the signal^ and 



those whose frequencies are outside the 
bandpass an not amplified. Noise at the 
limits of the bandpass can be minimized by 
decreasing the bandwidth^ which increases 
signal- to- ndse ratio. 

Using figure 38-4^ let's now troublesboot 
the RF^ amplifier. As we cover various 
malfunctions^ keep in naind the rr.:iAtionship 
of Bnv^ selectivity^ gain^ and signal-to*noiSe 
ratio. 
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Figure 38-4. Transistor RF Amplifier 
SYMPTOMS 



CI open 



Primary Tl open 
C4 open 



Primary T2 open 

CI or primary Tl shorted 

C4 or primary T2 shorted 

Secondary Tl shorted 

Secondary T2 shorted 



Output amplitude decreased^ baibdwidth 
increased^ signal-to*noise ratio decreased^ DC 
voltages normal^ resonant frequency of first 
tank circuit increased. 

No output^ all DC voltages normal. 

Output amplitude lower than normal^ bandwidth 
increased^ signal- to- noise ratio decreased, 
resonant frequency of output tank uncontrol- 
lable and higher than normal. 

No output signal; V^^q^ is zero. 

No output signal; DC voltage normal. 

No output at secondary of T2, slightly 
higher than normal. 

No output signal, forward bias slightly in- 
creased, a little lower than normal. 

No output* all DC voltages normal. 
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Figure 38-S. RF Transformer- Impedance 
Matching 



Figure 38^6. Partial Schematic of Interstage 
Transformer Coupling 

Transformers used for interstage coupling 
of RF energy have different characteristics 
than those used at audio frequencies. Because 
of sensitivity and selectivity requirements, 
the tuned coupling circuits need to have a 
relatively high Q. Permeability tunit^ in* 
creases inductance and Q, and also reduces 
physical size and stray winding capacitance . 
One function of coupling transformers is 
to match the output impedance of one stage 
to the input impedance of the next. As shown 
in figure 38*5, this can be done by adjusting 
the turns ratio. When the turns ratio is 
correct, impedances are matched and masd-^ 
mum power transfer occurs.When the secon- 
dary is loaded, theQoftheprimarydecreases 
and may affect selectivity. This can beover- 
come by tapping the primary to maintain 
the correct turns ratio for impedance match^ 
ing. The additional turns increase the induc- 
tance and restores the Q and selectivity. 
Figure 38-6 shows an example of this method 
of coupling. Tapped autotransformers maybe 
used for interstage coupling. Figure 38- 7A 
shows an fiutotransformer tapped for 
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Figure 38-7. Autotransformer Coupling 

impedance matching only. Figure 38-7 B 
shows a multi^tapped transformer used for 
impedance matching and Q restoration. Split 
capacitors may also be used for impedance 
matching in coupling networks. Figure 38-8 
is an example of ''Pi'' network coupling 
using split capacitors for impedance 
matching. If C2 is larger than CI, its 
impedance will be less. Thus, the output 
impedance of Ql can be matched to the 
input of Q2. Figure 38-8'a shows a Pi net- 
work for impedance matching only. Figure 
38-8B shows a Pi network used for both 
'mpedance matching and Q restoration. 
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Figure 38-8. Capacitance Coupling Using 
Split Capacitors 
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Figure as-d. Double-Tuaed Transformer 
Response Curves 
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Figure 38-10. Feedback tttrough an 
Amplifier 

Some circuit applications require both a 
wide bandwidth and a high Q. Slngle-^tuned 
coupling transformers cannot achieve both. 
When necessary, double-tuned transformers 
(both primary and secondary are permea* 
bility tuned) may be used. Double-tuned 
transformer bandwidth characteristics 
depend partially on the degree of coupling 
between windings. Figure 38-9 shows how 
the bandwidth changes with different amounts 
of coupling. 

Feedback is defined as the transferral of 
energy from a high level point in a system 
back to a low level point. For example, if 
the signal at the collector of ^ common 
emitter amplifier (high- level point) is 
returned to the base (low-^level point), it is 
called feedback. In some cases, feedback 
is through aA amplifier itself, and in others 
through the extern^ circuitry. There are two 
types of feedback. Regenerative feedback, 
which Increases gain^ is generally not used 
in RF am(Ai£iers because it can cause insta- 
bility and distortion. In addition, it can cause 
the amplifier to break Into oscillation. 



Degenerative feedback Increases stability 
and fidelity, decreases distortion, and gain 
which results in am increased bandwidth. 
Undesirable riageneratlvefeedbackmayoccur 
through the intarnal resistance and capaci- 
tance of an amplifier. Figure 38-10 shows 
how this can take place. Ql is the ampli- 
fier, LI and L2 represent the resonant coup- 
ling circuits at the input and output, and 
r^ and Cqq Indicate Internal resistance and 
capacitance. Ql shifts the phase of the signal 
by 180^. CcB ^ *e signal 

phase by another 180^ and feed it hack to 
the base as regenerative feedback. This may 
cause instability and distortion. A process 
called "unllateralizatlon" can be used to 
cancel the effects of regenerative feedback 
tfaroij^h Internal capacitance and resistance. 
Figure 38-11 shows how this is done. Ql 
shifts the signal phase by 180^ C^q and r^ 
shift this signal by another 180^ and feed 
it back to the base as regenerative feed- 
back. The output transformer also shifts the 
signal idiase by 180^. The signal at the secon- 
dary of the output transformer Is, therefore, 
in phase with the base signal. If R^^ and 
are the same size as r^ and Cgg* they wiU 
shift the phase of the outpw signal by 
aiK)ther 180^, feed it back to the base as 
degenerative feedback and cancel the internal 
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Figure 38-11. Uoilateralized Tuned 
Amplifier 
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Figure 38-12. Two-Stage RF Amplifier 



feedback. When regenerative feedback takes 
place through distributed capacitance, "oeu* 
tralizing" capacitors may be tised to cancel 
it. The circuit in figure 38-12 is a tw-stage 
RF amplifier. Capacitors Cl4 and CI 5 are 
neutralizing capacitors and cancel any regen- 
erative feedback which occurs because of 
distributed capacitance. 



MODULE 39 

SOLID STATE WIDEBAND AMPLIFIERS 

A very important factor in some appli- 
cations of amplifiers is the ability to aropli-^ 
fy nonsinusoidal signals. These include saw* 
tooth, trapezoidal, and square waves. The 
waves consist of somefUndamentalf^equency 
plus a large number of harmonics. To faith* 
fuUy reproduce the signal, an amplifier must 
amplify the fundamental and all harmonics 
equally. This type of amplifier is called a 
wideband or video amplifier. Television and 
video signals are usually square or rec* 
tangular waves. A square wave consists of 
a fundamental frequency plus an infinite 
number of odd harmonics. This means that 
an amplifier must be able to amplify a wide 
range of frequencies in order to reproduce 
a square wave. Figure 3d*l represents a 
square wave and shows its different 
dimensions. 

The vertical leading and trailing edges of 
the wave contain the high frequencies. The 
flat tops and bottoms contalnlowfrequencies. 
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Figure 39*1. Square Wave 



The frequency range of a video amplifier 
(typical wideband amplifier) must be from 
about 10 hertz to around 4 megahertz. Two 
frequency response limitations mustbeover* 
come before a standard amplifier can be 
used for wideband amplification. Figure 39*2 
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Figure 39*2. RC Coupled Amplifier Showing 
CapaciUve Effect at High Frequencies 
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Figure 39-3, Wideband AmpUfler, Low 
Frequency compensation 

sbovrs the limiting factor of such an ampli- 
fier. The low frequency response is limited 
by Cq* The reactance of Cq increases as 
frequency decreases. 

Since Cq is in series, it drops more 
voltage at low frequencies leaving less to 
be applied as an Input to Q2, High frequency 
response is Umited by the doUed capaci- 
tances Co and Ci. Cq represents the output 
and stray capacitance of Ql and Cf is the 
input capacitance 6i Q2, As frequency in- 
creases, the reactance of Cq and Cj decrease, 
causing a loss of gain at high frequencies. 

There are several ways to Increase the 
frequency response of an amplifier so that 
it can process wideband signals success- 
fully. One way is to decrease the size of the 
collector load resistor. This decreases the 
gain overaU, but at the same time increases 
frequency response at both the high and low 
end of the band. A method of increasing 
the low frequency response is to increase 
the size of the coupling capacitor. Another 
way to increase low freq[uency response is 
to add a low frequency compensating network 
as shown in figure 39-3, Rp and C-p form 
a filter network vihlch increases the gain 
at low frequencies only. 

At high frequencies, C-p is nearly a short 
and neither it nor Rp is in the circuit. 
However, at low frequencies, C« is a large 
reactance- This large reactance is in parallel 
with Rp and both are In series with R^, 
which increases the collector load resistance 
and gain at low frequencies. 



One way to increase high frequency 
response of an amplifier is through the use 
of shunt and series peaking coils. Figure 
39-4 shows how these coils are placed in 
the circuit. LI (figure A) is in shunt with 
the signal path and forms a parallel reso* 
nant circuit with C^. and C^ (Cp Is a short 
at high frequencies). A characteristic of a 
parallel tank circuit is high impedance at 
resonance. Without Ll, Cq provides a low 
impedance path to ground. With LI, the 
parallel tank Is a high impedance and the 
g«un at high frequencies is increased. L2 
(figure B) is a series peaking coil. It is in 
series with the signal and fonns a series 
resonant circuit with Ci (C<;; is a short at 
high frequencies). Vhe characteristics of a 
series tank circuit are low overall imped- 
ance at resonance, high current, and high 
voltage across either reactance. The series 
LC circuit causes a high voltage across Ci 
at high frequencies, and the gain at these 
frequencies is increased. Figure Cshowstbe 
use of both series aiul shunt high frequency 
compensation. 
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Figure 39-4. Wideband Amplifier, 
Frequency Compensation 
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Figure 39-5. 



Compensated Wideband 
Amplifier 



Figure 39-5 shows a fUUy compensated 
wideband amplifier. Collector loads R4 and 
r8 are small to increase overall frequency 
response. Coupling capacitor CI, CZ^ and C5 
are large to increase low frequency response* 
Low frequency compensating networks R3- 
C2 and R7'C4 also increase low frequency 
response. Shunt peaking coils LI and L3 
and series peaking coils l2 and L4 increase 
high frequency response. 
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Figure 39-6. Staggered Pair RF Amplifier 
(Simplified Schematic) 



Another way to increase the bandwidth 
of ampimers is throt^h the use of STAG-^ 
GER tuning. In this method^one transformer- 
coupled RF stage is tuned above the desired 
center frequency and the .other is tuned 
below. The resultant bandwidth is greater 
than if each stage were tuned to the center 
frequency. Figure 39-6 is a simplified sche- 
matic of two stages set up forstaggertunlng. 
The center frequency is 450 kHz. Ll and 
Cl are tuned to 443 kHz ^ and the output 
taidc (L2-C2} is tuned to 457 kHz. The 
resultant bandwidth for both stages is greater 
than it would be if the tuned circuits were 
tuned to the center frequency. 

In troubleshooting a two-stage^ fUUy com- 
pensated wideband amplifier^ we will dis- 
cuss only those faults which could cause 
problems with either the low or high fre- 
quency gain of the circuit. The waveshapes 
shown in figure 39-7 indicate the results 
of shorted or opened frequency compen- 
sating components. Use figure 39-7 in con- 
junction with figure 39-5. Part A shows the 
square wave input and part B is the ideal 
amplified output. The first waveshape in 
part C is labeled LOW FREQUENCY LOSS 
and indicates a lack of gain at low fre^ 
quencies. H3^ R7^ C2^ or C4 could be 
shorted. The second wave in part C shows 
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Figure 39-7. Wideband Amplifier Waveforms 
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increased gain at high frequencies indicating 
C2 or C4 open. The first wave in part D 
is the result of a shorted peaJdng coil (Ll» 
L2^ L3^ or l4). In many caaes^ the peaJdng 
coils are tunable and could be maladiusted. 
The results of maladiusted peaJdng coils are 
shown in the second waveshape in part D. 



MODULE 40 

SATURABLE REACTORS AND MAGNETIC 
AMPLIFIERS 

Saturable reactors are inductors withspe* 
cial alloy cores. These cores can quicky 
saturate with a small magnetizing fbrce^ in 
either a positive or negative direction. When 
the core of an inductor goes from an unsat- 
urated to saturated status^ its impedance 
goes from a high to low level, A saturable 
reactor can be either a high or a low 
impedance and can change from one to the 
other (transient time) very rapidly. If a 
saturable reactor is placed i:i series with a 
load^ it can control the amount of current 
delivered to the load, tf tha reactor's imped» 
ance is blgb^ load current is smallandlf it is 
loW| load current is high. 




B - B-H PLOT OF ALTERiUTING FLUX IN 
IROM CORE COIL REP4-1333 



Figure 40-1. B-H Plot of Alternating Flux in 
Iron Core Coil 



A magnetic amplifier is a circuit with a 
saturable reactor in series with a load and a 
method of controlling when and how long the 
reactor core is saturated. A DC winding on 
the reactor controls saturation and load cur- 
rent. It is an amplifier because a small 
current in the DC winding controls a large 
current in the AC winding. 

The inductance of a coil is a direct func- 
tion of permeability (mu) and coil impedance 
is directly related to inductance. Therefore, 
permeability controls the impedance of a coil. 
PermealHlity is a measure of the' ability 
of a core material to act as a path for mag- 
netic lines of force and is the ratio of flux 
density (B) to magnetizing force {H). Per-> 
meability (mu) is expressed as - 

liimu) = g- , 

A curve, called a HYS'TERESIS loop shows 
the changes in permeability of a coil when an 
AC voltage is , applied to it. Figure 40-1 
shows the hysteresis loop for a coil with a 
soft iron core. As the magnetizing force 
(applied AC) starts to increase in a positive 
(fH) direction^ flux density increases in the 
positive (fB) direction, uagnetiziiig force 
reaches maximum at point a' and fluxden-* 
sity reaches maximum at point a'\ As H 
decreases to zerCp B also decreases^ but 
does not reach zbtc (point b). The remaining 
flux is called RESIDUAL magnetism, when 
the magnetizing force is applied in the 
opposite direction^ H must reach point C 
before B returns to zero. The force required 
to cancel the residual magnetism is called 
COERCIVE force. As H continues to 
increase to point d\ flux density increases 
to point d'\ The return of H to zero results 
in a reduction of B to point e and as before 
residual magnetism is left in the core. As 
H again goes positive it must reach point 
f before B returns to zero. The lagging 
of flux density behind magnetizing force is 
called hysteresis and actually represents a 
power loss. The area within the hysteresis 
loop is proportional to the amount of coer- 
cive force required to overcome the resid* 
ual magnetism. The hysteresis loop for a 
coil with a soft iron core is not suitable for 
a saturable reactor because transient time 
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in aeries with ^ winding. 

The other winding is for saturation control. 
Notice the control winding has DC applied 
throWi R^;. The DC current through the 
coatrol winding sets the level at which the 
core saturates. The DC control current i3 
determined by the setting of Rq* The greater 
the DC current, the quicker the core 
saturates when AC is applied. Figure 40*4C 
shows how the core saturation point changes 
for increasiJig values of control current. 

You may see saturable reactor or magnetic 
amplifier circuits with provisions to 



Figure 40*2. Special Alloy Core 

is too long. Figure 40-2 shows the ideal 
hysteresis loop for a saturable reactor. The 
special alloy core causes it to remain satur- 
ated until the coercive torce cancels and 
reverses the direction of flux Unes. This 
loop indicates that transient time is very 
low and not much force is required to saturate 
the core in either direction. 

Figure 40-3A shows a simple saturable 
reactor circuit. It consists of a toroidal 
(ring) coil in series with a load resistor 
(R^) and with an AC voltage applied. 

The reactor acts as a switch because its 
impedance is either very high (switch open) 
or almost zero (switch closed). Figure 40-3B 
shows how the switch operates to control 
load current and voltage. From time Tq 
to T^ the coil is not saturated and is a high 
impedance; the refore, no current flows 
through R^. At Ti the core saturates, coix 
impedance drops rapidly, and the line volt- 
age appears across the load. The core 
remains saturated from Ti to T2 and load 
current flows. At T2 the applied AC goes 
negative, the core is no longer saturated, 
and no line current flows. At T3 the core 
again saturates and load current flows in the 
Opposite direction. 

The circuit just discussed is not a mag* 
netlc amplifier because there is no way to 
control core saturation and load current. 
Figure 40-4 shows how the control function 
is added. R^ ^ ^ ^ winding 
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Figure 40-3. SaturaUe Reactor 
Simple Circuit 
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Figure 40-4, Saturable Reactor with DC Control 



prevent induced currents from the load 
winding from influencit^ control currents. 
This may he accomplished by the use of a 
high resistance control winding^ addition of 
choke coils^ twin core^ three-legged^ or twin- 
core con)DX»n control windings. It is also 
quite common to see diodes placed In the 
AC output for rectification. 



position input Into an electrical output or an 
electrical Input Into an angular ou^t. Syn- 
chro systems are used in many typea 
of electronic equipment^ such as radar* 
satellite tracking^ bomb scoring^ fire coo* 
trol systems and autopilots, where small 
sunounts of torque are needed to move heavy 
loads such as radar antennas and guns^ a 
servo system is used. The purpose and 
function of synchro and servo systems are 
the same. 



MODULE 41 

SYNCHRO-SERVO SYSTEMS 

The function of a synchro system is to cou- 
ple a mechanical position to an Indicating 
device* without mechanical linkage. The 
^'mechanical position*' is usually the posi- 
tion of a Shalt and is called '^angular posi- 
tion." In practice* a synchro is an inductive 
device capable of transforming an angular 



A synchro system consists of a synchro 
generator and synchro motor connected 
together electrically. The generator has a 
movable rotor and fixed stator, *rhe rotor 
tuis an AC voltage applied to It but the 
stator does not, A voltage is Induced Into 
the stator-windii^s which are wound 120*" 
apart. The generator stator windings are 
directly connected to the motor windings. 

The motor stator winding has the same 
voltages as the geiierator stators if there 
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Figure 41-1. Synchro Generator and Motor- No Angula^Difference Beb^veen Rotors 



is no angular difference between rotors. Figure 
41-1 shows a properly connected synchro 
generator and motor. Slip rinsEs are used 
to connect IIS VAC to the rotors of both 
the generator and motor. If the two rotors 
are aligned to the same angular position, the 
same voltages are induced into both sets 
of stator windings . This means that no current 
can flow between stator windings and no 
magnetic field exists to cause the motor 
rotor to turn. 

If the generator rotor shaft is turned, a 
different situation exists as shown in figure 
41-2. The generator rotor has been rotated 
30% 



This causes the voltages Induced into the 
generator stators to change. Now there is a 
difference of potential between the generator 
stators and the motor stators. This causes 
a current to How, which sets up a magnetic 
field in the motor and causes the rotor to 
turn. When the motor rotor has reached the 
same position as the generator rotor, the 
voltages in the stator windings are again 
equal and the motor rotor stops turning. The 
rotor shaft of the motor is usually connected 
to some indicating device which always shows 
the position of the generator rotor. If the 
generator rotor turns continuously, the motor 
rotor will also turn continuously, but it 
will lag the generator by a small amount. 
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Figure 41*2. Synchro Generator and Motor - ZO^ Difference in Rotor Shaft Positions 
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A synchro generator can be used to run 
several synchro motors. However, il too 
many motors are connected, excessive lag 
occurs and the accuracy of the wtiole sys- 
tem may be affected. 

The basic purpose of a servo system is 
the same as that of a synchro system - 
to transmit angular information without 
mechanical linkage. Figure 41-3 is the 
block diagram of a servo system. 

The input shaft, which might be connected 
to a hand control of some sort, is connected 
to the synchro generator rotor. The gen-* 
erator stator windings are electrically con- 
nected to the stator windings of a control 
transformer. A control transformer isatype 
of synchro which has both an electrical and 
mechanical input and an electrical output. 



The output shaft is mechanically connected 
to the control transformer rotor. 

If there is any angular difference between 
the input and output shafts, the control trans- 
former will generate anerror. The amplitude 
and phase of the error voltage determines 
the speed and direction of rotation of the 
output shaft. The error voltage is applied 
to a servo power amplifier. The servo 
amplifier adds power to the error signal, 
which is then applied to one of the field 
coils of a two*phase induction motor. This 
causes the motor to turn and also causes 
the output shaft to turn. Suppose, for exam- 
ple, we turn the input shait by 30^. This 
induces a voltage In the synchro generator 
stator windings and the control transformer 
stators cause an error voltage to be gen- 
erated. The error voltage is amplified in the 



US VACO- 



IWPUT SHAFT 



CZtD 



TlNPUT< 

'angle 
I 

1 

I TO ROTOR 



SYNCHRO 
GENERATOR 



FROW 
STATOR 



SERVO- 
AMPLIFIER 



coil! 



TO 
STATOR 



ERROR 
VOLTAGE 



a FROM 
ROTOR 



SYNCHRO 
CONTROL 
TRANSFORMER 



PHASE 
SHIFTER 




OUTPUT SHAFT 



OUTPUT ANGLE | 

TO MOVE ROTOR 



REP4'1J?4 



Figure 41-3. Servomechanisms with AC Servomotor 
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Figure 41-4* Servoaniplifier 



servo amplifier and then applied to field coil 
A of the induction motor. This causes the 
motor to turn the output shaft toward the 
position of the input shaft. The error volt- 
age becomes smaller and reaches zero when 
the output shaft position reaches that of the 
input shaft. 

We said before that the servo amplifier 
adds power to the error signal. A typical 
servo amplifier is shown in figure 41-4. 

This servo amplifier consists of two stages 
consisting of an error amplifier and a power 
amplifier. The error amplifier is made upof 
Ql and Q2 and is connected as a differential 
aropUfier. Q3 and Q4 make up a push-pull 
power amplifier. The output of the power 
amplifier 13 applied to LI, which is one of 
the field coils of an induction motor. 

The error signal from the control trans- 
former is applied to Ql and amplified, the 
collector load for Ql is the primary of Tl. 
The amplified error signal appears across 
the primary of Tl and a voltage is induced 



into the split secondaries. The secondary of 
Tl splits the error signal into two voltages 
which are equal in amplitude and ISO"" out 
of phase. These signals are then applied to 
.Q3 and Q4 which make up a standard push- 
pull amplifier. The diodes CRl and CR2 in 
the forward Mas network of Ql and Q2 
are temperature stabilization diodes. The 
output of the push*pull amplifier is applied 
to LI and the motor turns as long as any 
error signal is present. 

A portion of the output of the push-pull 
amplifier is connected from point A across 
feedback components Rll and C4 to the base 
of Q2, The feedback signal is in phase with 
the error signal at the base Q2f but lags 
it because of the Ume constant of C4 and Rll. 
The feedback signal i& coupled back to the 
emitter of Ql by R5 and opposes the error 
signal. The net result is that Ql amplifies 
the difference between the error signal and 
the lagging feedback signal. This fixes the 
gain of Ql and prevents the load connected to 
the induction motor from oscillating when the 
error voltage re&ches zero. 
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Chapter 1 



SOLID STATE POWER SUPPLY RECTIFIERSL AND FILTERS 



1-1. The purpose of this text Is to discuss 
solid state power supply RECTIFIERS ^ 
FILTERS. Rectifiers, genercily, serve to 
convert AC voltage to a DC voltage for use 
In circuits where AC voltage is not accept<^ 
able. Filters serve to average the output 
DC pulses from the rectifiers and provide 
a constant amplitude DC voltage to those 
circuits. To see these two circuits in per<^ 
spective, we must understand the functions 
of the other parts of a power supply. Let 
us first do a block diagram analysis of a 
typical power supply, and take special note 
of the functions of the rectifier and filter. 

1-2, THE POWER SUPPLY 

1-3. The power supply is an electronic unit 
used to convert one form of electrical power. 
A power supply can be constructed to convert 
AC power to DC power, or a small DC to 
a large DC. The amount of power produced 
by the power supply must meet the load 
requirements of the circuit it serves. 

1-4. Figure 1-1 is a block diagram of a 
power supply. The blocks represent the indi- 
vidual circuits within the power supply, and 
the arrows show the path the current takes 
through the circuits. The input voltage is 
appUed to the TRANSFORMER, which is 
capable of stepping up or stepping down the 
voltage to the required level for the circuit 
being supplied. The amount of voltage from 
the transformer is determined by the voltage 



input to it and the type transformer being 
used. Thus the transformer in a power supply 
is used to provide the correct amplitude of 
voltage needed forthepartlcularcircuit being 
used. The voltage output from the trans* 
former is then applied to a RECTIFIER. 
The purpose of the rectUler is to change 
the AC voltage to DC voltage. The DC 
output from the rectifier is constantly 
changing in amplitude, being in the form of 
pulses; this output voltage is referred to as 
a pulsating DC voltage. The pulsating DC 
cannot be applied to the amplifiers and 
obtain satisfactory operation. This output 
voltage must be changed to a constant ampli* 
tude DC. This is accomplished by the next 
circuit In the block diagram, the FILTER. 
However, even the output from the fiUer can 
change due to changes in input voltage, or in 
the amount of current drawn from the power 
supply. To compensate for these variations^ 
we use a VOLTAGE REGULATOR to main- 
tain or regulate the output voltage to the 
critical level needed. Methods of regulating 
this voltage wlU be discussed later. The 
last circuit in the power supply is the 
VOLTAGE DIVIDER. It's function is to pro* 
vide the output voltages which are required 
for the amplifier's bias and collector supply 
voltages. 

1-5. Now that you've seen the function of 
the power supply, let's discuss each of 
these circuits in greater detail. 
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1-6. HALF-WAVE RECTIFIER 

1^7. In Figure 1-1 » we see that the input 
to the rectifier Is the output Urom a trans- 
former. However, the transforiuer is only 
required if we want to change the level of 
voltage applied to the rectifier. If the power 
supply Is required to furnish a high voltage 
output^ a step-up transformer is used. Fdr 
transistorized equipment^ a low voltage is 
iised^ therefore^ a step-down transformer is 
empk^yed. If no change in voltage level is 
needed^ the Input can be applied directly 
to the rectlfier.However^thispracticemakes 
the power supply output common to the AC 
Input and presents a safety hazard to both 
equipment and maintenance men. For this 
reason, a one-to-one transformer is used for 
isolation of the power supply output from the 
AC input. 



1-8. Figure 1-2 shows the schematic dia- 
gram for a half wave rectiaer. It is one of 
several rectifier circuits you will analyze. 
It's purpose Is to change the AC output from 
the transformer to direct current. 

1-9. As you recall, when forward bias is 
applied to a PN Junction dlode^ It's resistance 
decreases and allows majority current to 
flow. When the Junction diode is reverse 
biased^ It's barrier width is very large and 
we have no majority current flow. A diode 
placed In series with an AC source and a 
load resistor will have forward and reverse 
bias ^lied with every cycle. Since the diode 
will allow current flow In only one dlrec- 
tlon» we have direct current in the output and 
rectification has been accomplished. 

1-10. In figure 1-2^ transformer Tl supplies 
the AC to the rectifier diode CRl. Tl is an 




Figure 1-3. sine Wave Characteristics 
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Figure 1-4. Half-Wave Rectifier, Positive Alternation Input 



isolation transformer as indicated by the 1 to 
1 turns ratio. Tl also has "phasing dots" 
located on the top side of primary and 
secondary windings. The phasing dots indicate 
that the polarity of the voltage at these pbints 
will be the same. Resistor Rt is the load 
resistor and represents all of the circuits 
which will draw current from the rectifier. 

1-^11. The amount of current that R^^ will 
allow to flow in the circuit is called the 
"load.^^ If the resistance of R^ is small, 
it will allow a large current flow. The 
circuit is then said to have a large or 
"heavy" load. A small or "ligbt^' load is 
placed on the circuit If R^^ is large. 

1-12. Since 3n alternating voltage is applied 
to the rectifier, let^s review some terms 
associated with AC. Figure 1-3 shows a 
SINE WAV£ and some terms that should be 
familiar to you. 



1-13. The maximxm) amplitude of the wave in 
either the positive or negative alternation is 
the PEAK of the wave. This can be observed 
and measured with an oscilloscope. The 
EFFECTIVE voltage is the measured voltage 
using an AC meter. Both voltages can be 
calculated as shown in Figure 1-^3. 

1-14. Figure 1-4 illustrates circuit opera- 
tion of a half-wave rectifier. Let^s assume that 
the polarity of the voltage at the top of Tl 
primary is positive withrespecttotbe bottom 
side. The phasing dots indicate that the top of 
Tl secondary would also t>e positive with 
respect to ground. This secondary voltage is 
forward Uas for the diode. The resistance 
of the forward biased diode would be low 
and current will flow through the circuit in 
the direction of the arrows. Current flow 
through the load resistor (Rl) develops the 
voltage as shown during the positive half of 
the AC input signal. 

1-15. When the AC input goes through the 
negative alternation as shown in Figure 1-5, 
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Figure 1-5. Half-Wave Rectifier, Negative Alternation Input 
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Figure 1-6. HaU-Wave Negative Rectifier 



the top of Tl secondary becomes negative ^th 
respect to ground. This negative voltage 
reverse biases the diode and it's resistance 
becomes very high. Majority current flow 
ceases and only a very ^njall minority cur- 
rent will flow. For aU piacuciJ purposes, 
there is no voltage developed across the 
load resistor. This circuit Is called a half- 
wave rectifier, because current flows during 
half d the input wave. 

1-lS, The circuit In Figures 1-4 and 1-5 
are designed to produce a positive voltage 
output. If negative voltages are required, 
(when using PNP transistors as an example) 
the diode can be reversed causing current 
flow to reverse. Refer to Figure 1-6, notice 
that current flows during the negative alter- 
nation and it's direction produces a negative 
voltage at the output. 



1-17. Now that we have seen bow current 
flows Sknd bow an output is developed in the 
half wave rectifier, let's ajfply an input 
signal voltage of definite values. Figure 1-7 
shows the half-wave rectifier with 200 VAC 
as the input voltage. This is the measured 
or effective value of AC. Notice that the 
secondary voltage is282voltspeak(20(VEFF 
X 1.414) and the output voltage pulse is 
282 volts peak. We disregard the small volt^ 
age drop^ across the diode in all our cal- 
culations. The voltage peak across R^canbe 
measured with an osciUoacope. However, 
when measuring the voltage across Rl 
a DC multlroeter* the DC average is read. 
The average output voltage during one half 
cycle (output fnilse) is .318 times the peak 
output voltage. The average for an AC sine 
wave (1 ftiU cycle) is .636 x peak. Since the 
half-wave rectifier produces only one half 




Figure 1-7. Half-Wave Rectifier 
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cycle tn it's output, the average output 
voltage becomes the average of one alter- 
nation Instead of two. Therefore, the average 
output voltage is 90 volts (282 volta peak 
X .318). 

1'18* Oa the negative alternation, the diode 
does not conduct due to the reverse bias 
applied to it* The reverse voltage applied 
to the diode has a peak voltage of 282.8 
volts (secondary voltage) and l8 called the 
"peak Inverse voltage" (PIV). You will 
recall that a diode can stand only 8o much 
voltage In the reverse direction before Itwill 
break down* Ety knowing the peak inverse 
voltage of the circuit, you can select a diode 
that has a breakdown rating ttiat exceeds 
the peak Inverse voltage (PIV). 



output voltage for 1 cycle of Input voltage. 
The frequenqr of the pulaea la therefore 
controlled by the frequenqr of the Input 
voltage. The frequenqr of a rectifier output 
la given In pulsee-per-second (PPS) and is 
caUed the RIPPLE FREQUENCY. In figure 
1-7, the ItqiHit frequenqr la 60 Hertz (60 Hz) 
and the output ripple f requenqr Is 60 pulses* 
per-eecond (60 PPS)t* N6te that the outpi^ 
voltage from the circuit changes from 0 volte 
to a peak of 282 volts. Thie minimum to 
maximum voltage change (peak to peak) 18 
called the RIPPLE AMPLUUDE. 

The higher the ripple amplitude of the output 
voltage, the more dlfUeult It wlU be to change 
to a constant DC which Is required ae an 
output from a power supply* Figure 1-8 
gives a summary of the balf-wave rectifier. 



1-19. The output voltage of the half-wave 
rectifier Is In the form of pulees. You will 
note in Figure 1-7, that we get 1 pulse of 



1-20. The characteristics of the half-wave 
rectifier, as compared to oiber rectifiers, 
will be shown In figure 1*16. 
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Figure 1>8. Half-Wave Rectifier Summaiy 
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1-21, FULL-WAVE RECTIFIER 

1-22. The Ml-wave rectlfler Is shown in 
Figure 1-9. The identiiying features of the 
full-wave rectifier are; Two diodes CRl and 
CR2, a center 'tapped transformer and a 
load resistor (^)* Tb^ tii]i-wave rectifier 
is basically two half-wave rectifiers as shown 
In Figure 1-9B. 

This arrangement is usedtoproduce an output 
voltage pulse foreachaltemationofthe. input 
cycle* 

1-23. Figure 1-10 showsthe full-wave recti- 
fier, in its siniplified form, with an input 
signal voltage applied. 



Note that the center tapped transformer 
divides the secondary voltage into 2 equal 
parts which are opposite in polarity with 
respect to ground or the tap. CRl is forward 
biased while CR2 is reverse biased. Qirrent 
wiU flow in the circuit as shown^developing 
a voltage across Rl which is positive with 
respect to ground. Since the Input voltage 
to CRl and Bl ^ 141 volts peak^ this is the 
voltkge which is developed across the load 
resistor. We ignore the small voltage which 
is present across CRl. The ripple or peak- 
to-peak amplitude of the output is 141 volts. 
With the same input voltage, the full wave 
rectifier has a ripple amplitude which is only 
one-half that of the half-wave rectifier. 
Notice that the peak output voltage is only 
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Figure 1-10. Full-Wave Rectifif^r Positive Alternation Input 
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Figure 1-11. FUU*Wave Rectlfiar^ Negative Alternation 



one-half of the peak input voltage because of 
the tapped transformer. During the positii'O^ 
alternation of the input voltage* CR2 is 
reverse Mased and has a peak inverse volt- 
age (PIV) of 282 volts. The anode of CR2 la 
connected to the bottom side of Tl (^141 V) 
and it's cathode is connected through CRl to 
the top of Tl (+141 V), Since CRl is con^ 
ductingr It's resistance and voltage drop are 
so small that we can ignore them. 

1^24. During the negative alternation* the 
input voltage polarities would change as indi- 
cated in Figure l-ll. 

CRl Is nowreversebiasedandCR2isforward 
biased. Note that currentflowing through CR2 
and Rt will develop a positive voltage across 



R^ with respect to ground* The current 
thiOdgh^ Hl uows in the same direction for 
both alternations of the signal pro- 

dudng twc oulput pulses of the same polarity. 
The polarity of the output pulses can be 
changed by reversing both diodes causing 
current through Rt to reverse. Therefore, 
reversing the output voltage polarity. 

1*25. In the f^ wave rectifier, we produce 
two pulses for every cycle of input voltage. 
The ripple frequency then is two times the 
input frequency. In Figure 1*11, the input 
freiiuency is 60 Hertz (60 Hz) aiul the ripple 
frequency is 120 pulfies-per*fieGond (120 PPSK 

1-26. Since the output from a lUU*wave 
rectifier contains two pulses for every cycle, 
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Figure 1-12. Full-Wave Rectifier Summary 
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Figure 1-13. Bridge Rectifier ItosiUve AltemaUon 7nput 




Figure 1-14. Bridge Rectifier Negative Alternation Input 
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Figure 1-16, Rectifier Summary 
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the average output voltage can be calculated 
as follows: 

Average voltage = peak output voltage x 
,636. The average output voltage from the fuil- 
wave rectifier in Figure 1-11 is 141 volts 
peak X .636 =90 volts average. Figure 1-12 
gives the summary for a full -wave rectifier. 

Notice that the full^ave rectifier produces 
a lower ripple amplitude than the half-wave 
rectifie r. 

1-27. This lower rtpple amplitude is easier 
to filter or change to a constant DC. Com- 
paring the ripple frequency, we find that the 
full wave has a higher ripple frequency. This 
will also enable the rectifier output to be 
filtered more easily. 

1-26. BRIDGE RECTiriER 

1-29. The bridge rectifier is a modification 
of the full-wave rectifier. Note that a center- 
tapped transformer is not used. However^ it 
requires four diodes. Hefer to Figure 1-13 
for the analysis of the bridge rectifier. 
Figure 1«13B is a re-drawn version of the 
bridge rectifier. During the positive alter- 
nation, the diodes CR3 and CR4 are forward 
biased while CRl and CR2are reverse biased. 
Current flowthroughthe circuit woulddevelpp 
an output voltage across R^^. The peakoutput 
voltage across R^^ is equal tothepeakvoltage 
of the transformer secondary. 

1-30. With the negative alternation input, 
the conditions in Figure 1^14 would exist 
The conducting diodes have changed but the 
current through R^ is In tbe same direction. 
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Figure 1^17. 3 Phase 



For each alternation, two diodes are in the 
current path. 

1-31. The bridge rectifier produces two 
pulses output for every input cycle. The 
ripple frequency of the output in Figure 
1-14 is 120 PPS. 

1-32. Since both alternations of the ii^ut 
cycle produce a pulse in the output, the 
average output voltage is 180 volts (282 V 
Peak X .636.) 

1-33. To illustrate peak inverse voltage, 
refer to Figure 1-15. When CRl and CR2 
are conducting, they have a low resistance 
and can be considered shorts. Therefore, 
CR3 and CR4 are connected across the 
transformer secondary and the PIVis equal 
to the pe^ voltage of ^e secondary. 

1-34. Figure 1-16 gives a summary of the 
half-wave, fUll-wave, and bridge recti^ers. 

Wb. THREE-PHASE RECTIFIER 

U36. When large amounts of power are 
required fromarectlfleri athree*phase recti- 
fier may be used instead of the single* 
phase. Th& generator used to supply this 
power produces 3 single-phase voltages that 
have a phase angle of 120" t)etween phases. 
The transforxner used In athree-phase recti- 
fier must have 3 inputs, one for each phase. 
The transformer windings may be connected 
in one of two configurations called ''Delta" 
or ^e/' 

1-37. Figure 1-17 illustrates a 3-phase 
transformer in a delta-^to-^wye configuration. 
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Figure 1-18. Three Phase Rectifier with Input and Output voltage Wavefarms 



Assuming equal tum3 with primary and 
secondary windinjjfs, a delta-wound primary 
with a wye-wound secondary increases the 
voltage from primary to secondary (AtoC^A 
to B, or B to C)by afactor of 1,732 to 1, Re- 
versing the arrangement (wye primary, delta 
secondary) results in a current increase of 
1.732 to 1, Three-phase voltages can be 
rectified by a three-phase bridge-type recti- 
fier. Figure 1-18 shows athree-phasebridge 
rectifier with its three-phase input voltages 



and ou^t voltage waveforms. Note that the 
three-phase input voltages are labeled phase 
A, B, andCandare 120^ out of phase with each 
other. The three-phase voltages are also 
indicated on the transformer secondary. For 
purposes of discussionf we will assume that 
the input voltage to one leg of the secondary 
is 10 volts peak. From the formula we can 
determine that Epi^ out is equal to 1.732 
X Epic ^ ^ 17,32 volts asindicatedln Figure 
1-18. 
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Figure 1-19. Three Phase Rectifier 



If the input AC voltage were given in effect 
value, then we would need to multiply by 
L414 to obtain the peak value. Then multiply 
this peak value by 1.732 to obtain Epi^out. 
This is the same as 2.45 xEeffective^ Recall 
that to convert Ep|^ to ^effective ^ ^^^^ ^ 
multiply by ,707. Thus, lOVpk x .707 7.07 
VAC and 7.07 VAC x 2.45 = 17.32 Ep^ out 



1-36. To analyze circuit operation, we will 
look at the three-phase voltagesand polarities 
at various times during the cycle oi input 
voltages. At time Tl in Figure U18, note 
that phase A is positive 8.66 volts, phase B 
is zero volts and phase C is negative 8.66 
volts. The equivalent circuit at this time is 
shown in Figure 1-19A. The peak output 
voltage across is 17.32 volts as indi- 
cated on the output waveform in Figure 1-18. 



In our discussionofthe three-phase rectifier, 
only two of the three "legs" or phases are 



used at any one time to determine the output 
voltage. In reality, however, all three phases 
provide a vector sum output voltage. Cir- 
cuit operation would be equivalent to thedis* 
cussion which follows on the three-phase 
rectifier. Therefore, at time T2, we will 
assimie that phases A and C are used (Fig- 
ure 1-19B). Since phases A and B at time 
T2 are of the same amplitude and polarity, 
the output voltage would be the same regard- 
less of which phase is used. At time T2 
phase A is positive 5 volts and phase C is 
negative 10 volts. In Figure 1-198^ it can 
be seen that the output voltage across Hx^. 
would decrease to 15 volts. 



1-39. At time T3 we find that phase A is 
zero volts, phase B is positive 6.66 volts 
and phase C is negative 8.66 volts. Figure 
1-20 shows the equivalent circuit at T3. 
Notice that the diodes used in the bridge 
rectifier have changed and the output rises 
to 17.32 volts which is thedifference between 
phases B and C. 
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Figure 1-20. Three Phase Rectifier at 
Time T3 

1*^40. At time T4» phase B and C are still 
used but the output voltage drops to 15 
volts. The difference between pttase B and C 
voltages is only 15 volts at this time. 

1-41. At time T5 the diodes used are once 
again changed and the circuit is shown in 
Figure 1-21. The output voltage rises to 
17.32 volts when phase B is positive 8.66 
volts and phase A is negative 8.66 volts. At 
T6 the difference t>etween phases A and B 
drops to 15 volts and the output will also 
be 15 volts. 

1-42. At time T7 the phases A and Care 
used once again as shown in Figure 1-^19 
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Figure l*21ThreeFttaseBdCtifieratTlmeTS 

with one exception^ the pdlartty of tlie phases 
have changed. Fbase A becomes -8.66 volts 
and phase C becomes +8.66 volts. 
The direction of current flow through the 
diodes will change. However^ the current 
through ttie load resistor (Rl) not. 
Therefore^ the voltage will still be positive 
and will be 17.32 volts. 



1-43. rfotice that between Tl and T13 in 
Figure 1-18 we have 1 complete cycle of 
input voltage and 6 output voltage pulses. 
The ripple frequency i^retore is six times 
the input frequency. Note also that the output 
ripple amplitude is only 2.32 volts in our 
example used (17.32 volts max - 15 volts 
min). The ripple amplitude is 13.4 percent 
of the output voltage amplitude. From this 




Figure 1-22. Ripple Voltage Or AC Component 
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we can conclude that the 3 phase rectifier 
output can be converted to a constant voltage 
much more easily than the half*mve, ftaU** 
wave bridge rectlftera. This is due to the 
lower ripple amplitude and higher ripple 
frequency. 



1-44, FILTERS 

1-45, In our discussion ol power supplies, 
we have seen how the transformer andrectl- 
fier circuits function. The output from the 
rectifier circuit was a pulsating DC which is 
not acceptable for the operation of most 
electronic equipment Properly designed 
filters are used to convert pulsating DC to 
a constant DC, The purpose ot the filter 
is to reduce the ripple amplitude of the 
rectifier output. The ripple amplitude was 
defined as the peak-tc*peak change in the 



rectifier output voltage. Now, let^s discuss 
ripple voltage in relationship to the average 
output voltage. 

1-46. The unfiltered output of a fUU wave 
rectifier is ebowalnflgurel-22. The polarity 
of the output voltage does not reverse, but 
its magnitude fluctuates above and below an 
average value. Note that the average voltage 
is shown as the line that divides the wave- 
form so that area A equals area B, The 
fluctuation of the voltage above and below 
this average value is called the "ripple^' 
or "AC oomponent^^ of the rectified output. 
The amplitude of the rlptple is 100 volts 
pealc*to-peak. The output of any rectifier 
therefore has a ripple because its output is 
in the form of pulses. For most applications^ 
ripple voltage amplitude must be decreased 
to a very low value. This is done by the 
fUter circuit. 
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Chapter 2 



2-1, CAPAanVE FILTER 

2*2. The first of several filters we will 
discuss Is the capacitive filter. As you recall 
from your lessons on capacitors, they will 
store energy or voltage when a voltage is 
applieci When the voltage appliedis removed^ 
it will supply energy back into the circuit. 
To review this action, refer to figure 2-1. 

When SI is closed in figure ^-lA^ the capa* 
citor will charge through HI, Sl^ and the 
batteiy. The length of time that it will take 
CI to fiilly cliarge to the applied voltage of 
10 volts is five time constants. One time 
constant is equal to Rl times CI (TC=RC) 
and is 100 nucroseconds with the values 
shown in figure 2-lA. For the capacitor 
to fully charge^ it will take five time con^ 
stants or in our example 500 microseconds 
(.5 milUseconds). 

2^3. When SI is opened the capacitor will 
discharge returning the energy back to the 
circuit. It's only path for discharge is 
through the load resistance and will require 
5 time constants to completely discharge. 
One discharge time constant is determinedly 
CI and R^, and is equal to 100 milliseconds 
(.1 seconds). Note that CI takes 1000 times 
longer to discharge than it does to charge. 
It is tills circuit characteristic which is 
used in a filter circxiit to oppose changes 
in rectiiQer output voltage or ripple voltage. 
In figure 2-2A note that the battery has been 
replaced by the transformer and the switch 
SI t3y the diode rectifier CRl. 



2-4. The positive Input signal will cause 
CRl to conduct, current will flow through 
the load resistor R^i and the output voltage 
will rise to lOOV as shown in figure 2-2C. 
During the time from TO to Tl, CI will 
charge very rapidly to the peak of the input 
voltage. The c^rge path is shown in figure 
2-2A. At time Tl, the input voltage to CRl 
will start to decrease from its peak value 
of lOOV. The cathode of CRl is positive 
lOOV with respect to ground (voltage across 
CI). When the voltage applied to the anode 
decreases below lOOV, CRl will be reverse 
biased and will stop conducting. CI will 
start discharging at time Tl and the output 
voltage across R^ will slowly decrease zb 
CI dlsdiarges through it. CI continues to 
discharge from Tl to T2 time. At T2 time, 
the input voltage applied to the anode of CRl 
becomes greater ttxan the voltage on CI. 
CRl will conduct and the cur^?nt through 
CI will rapidly recharge it to the peak 
input voltage. At T3 time, the diode will 
once again stop conducting and CI will supply 
discharge current throughthe load resistance. 
It can be seen that the amount of voltage 
change across Rl is dependent t^ponhowlong 
CI is allowed to discharge. If the discharge 
time constant is large, CI will diacharge 
slowly and the output voltage will change 
only a small amount. Remember, the peak- 
to-peak changes are ripple amplitude or ripple 
voltage. In ttie example in figure 2-2 the 
output voltage changes from 100 volts to 
60 volts or a 40 volts peak-to-peak ripple 
voltage. Since the discharge time constant 
for the filter CI is dependent upon its value 
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Figure 2-1. RC Time Constants 
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Figure 2-2. Half Wave Rectifier With CapaciUve Filter 



and the value of ^i^, the values of CI and 
will determine the ripple amplitude. 

2-5. In fi^j'e 2-2B note that the ripple volt- 
age of the unHltered waveform is lOOV peak^ 
to-peak and the average voltage is 31.8 
volts. With the addition of the filter capaci* 
tor, the output waveform in figure 2*2C 
shows that ripple amplitude decreases to 40 
volts peak-to-peak and the average voltage 
increases to some level above 60 volts. 



2-7. SIMPLE INDUCTIVE HLTER 

2-8. Another device that is used as a filter 
is the inductor. Both the inductor and capaci- 
tor are reactive devices which are capable 
of storing energy. 

2*9. Figure 2-4 shows the inductive filter 
in a half-wav e rectifier circuit. Note the 
inductor or ^^choke" is in series with the 
load resistance so that total current will 



2-6, You will always find that the filter 
capacitor is placed in parallel with the load 
resistance. The smaller the dlschai'ge time 
constant, the larger the ripple amplitu<ie, 
and the lower the average output voltage. 
Figure 2-3 shows the effect of changing 
the value of and C on ripple amplitude 
and their effects on average output voltage. 
It can be seen in figure 2-3 that a large 
load (small R^) placed on the rectifier with 
a capacitor filter wUl cause a decrease In 
average voltage and an increase ripple ampli- 
tude. In figure 2-3 a small value of filter 
capacitance will produce similar results. 




SMALL C or Rl 



Figure 2-3. Effects of Rl and C on Output 
Voltage and Ripple Amplitude 
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Figure 2-4. Half-Wave RectUier With Inductive Filter 



flow through It. Figures 2-3 and 2-4 show 
the untUtered (dotted waveform) and filtered 
(:;olid waveform) output from the circuit. 

2-10. This type of filter uses the reactive 
properties of an inductor. It will oppose a 
change in current and store energy in its 
magnetic field. Tlie inductor, therefore^ 
opposes any change in current and attempts 
to keep the load current and output voltage 
constant. 

2^11. Refer to figure 2-4 for analysis of the 
inductive filter. From TO to Tl (see the 
dotted wavefornOv the ii^ut voltage to an 
unaltered rectifier will cause the current to 
increase rapidly to its peak value producing 
a peak voltage across the load resistance of 
100 volts* From Tl to T2 the current and 
output voltage will decrease rapidly to zero. 
With the addition of a filter coil, LI, the cur- 
rent will rise slowly between TO and Tl due 
to the inductive reactance of LI opposing the 
increase in current. Tliis will result in an 
electromagnetic field beingbuilt around LI as 
indicated in figure 2o'4. At T^ the voltage 
applied to the anode of CRl will b^n to 
decrease^ resulting in an attempted decrease 
in the current through LI. At this time the 
electromagnetic field will begin to coila^se, 
the voltage polarity of l1 will reverse, 
(circled polarities on figure 2.4) and the 
negative voltage on the cathode from the 



collapsing fields will cause CRl to continue 
to conduct. Note that CRl continues to oono* 
duct for a short period of time after the 
completion of the positive alternation from 
T^. At Tj the magnetic field of Ll has 
completely coUapsed^ and diode CRl ceases 
conduction. Note also that at time Tjthe 
output voltage is zero volt. 

2*12. With an inductive filter^ the ripple 
amplitude is smaller. The peak output voltage 
across Rl ^ less than the peak input voltage 
due to the voltage drop across Ll. Cbmpared 
to the capacltive filter under similar clr- 
cult conditions^ the average output voltage 
from the inductive filter is less. The average 
output voltage from an inductive (choke) 
filter will remain more constant with large 
changes in load (current) than the ca^citive 
filter. For this reason^ It is used in dr- 
cults where there are large load (current) 
changes. 

2-13. Hie output voltage from power 
supply should remain constant in value. 
When a capacitor was used as a filter^ it 
was found that if the load resistance changed, 
the average output voltage would change due 
to the change in ripple amplitude. Using 
the example of load resistance decreasing, 
it was found that ripple amplitude would 
increase. At the same time if load resist- 
ance decreased, load currentwouldincrease. 



2-3 



EMC 



82 




Figure 2-5. Half-Wave Rectifier with L*Type Inductor Input Filters 



The inductor is used to oppose changes in 
current. As in our example, with an increase 
In current, the inductor would tend to oppose 
this increase in current and hold load cur- 
rent constant. The process of maintaining a 
constant value of current with a changing 
load resistance is e^led REGULAHOR The 
inductor, when used as a filter, is placet*, in 
series with the LOAD r^'slstance (refer to 
figure 2-4). As a result of olaclng the 
inductor in series with the load resistance* 
any change in load current will be detected 
by the inductor and the inductor will oppose 
the change in current. If current can be 
maintained or regulated to a constant value, 
then the average voltage will remain at a 



constant value, or will be regulated as well. 
If current and voltage are regulated* we can 
state that the power Is also being regulated 
(P ^ EI). As we will see, some filters 
provide better regulation than others. 



2-14. "L" TYPE FILTERS 

2-15. "L" TYPE FILTERS are classified 
into two sub-groups: the "L-type inductive 
input" and the "L-fype capadtive input" 

fUt£*. 

2-16. Figure 2-^S shows the half-^wave 
rectifier with an L-type inductive input 




filter. The two components that comprise 
the filter are the inductor (LI) and the 
capacitor (CllL It ig referred to as an 
"Inductive Input" fUter because the inductor 
is connected to the rectifier output. 



Input "L" type filter. Figure 2-6AlIlustrates 
a halt wave rectifier with a capadtive input 
"L" type filter. Figure 2->6B and 2-6Cillus- 
trate the current patha for charge (TO to 
Tl) and for discharge (Tl to T2). 



The diode (CHI) conducts during the positive 
alternation of tiie input sine wave. Current 
will flow from ground through Rl, LI, 
CHI, and through the secondary of Tl. This 
wUl cause CI to charge, and a magnetic 
field to build up around LI. The charge 
path for CI now contains the reactance of 
LI. CI will not charge to the peak voltage 
of the secondary due to the voltage drop 
across LI. As the positive alternation starts 
to decrease, CI will start to discharge 
through H^. The field around LI begins to 
collapse and causes the polarity of voltage 
across LI to reverse. The Induced voltage,' 
developed across LI, allows the diode (CHI) 
to continue to conduct for a longer period 
of time which vrQl provide additional current^ 
to flow in the circxiit. This additional cur- 
rent helps to maintain a smaller amplitude 
of ripple voltage. If the load resistance 
changes, there will be a change in current. 
Any change in current has to flow through 
LI and the inductor will oppose these changes 
in current which will result in good current 
regulation. If current remains constant, the 
output voltage will remain constant and wiU 
result in good regulation* An inductive input 
filter provides for good regulation but a lower 
output voltage than that which couldbeobtalned 
with the capacitiv^ input L type filter. 

2-17. The second type Gt "L" type filter is 
the capacitlve input ^'L" type filter. It has 
the characteristic of providing for a higher 
output voltage but poorer current and voltage 
regulation when compared to an inductive 



During the positive alternation of the input 
voltage, CHI will conduct and current will 
flow as shown in figure 2-6B, One path is 
through H^andLlandtheotheristhe charging 
current of CI. Notice that CI now charges 
only through the diode CRl and will charge 
to the peak input voltage. 

2-18. When the positive alternation of the 
input voltage starts to decrease, CHI will 
cut otf and CI will begin to discharge through 
H^ ^d LI (figure 2-6C). The magnetic field 
of LI will also begin to collapse, providing 
a current tiirough Rj^ which aids the capaci- 
tlve discharge current. (Note the voltage 
polarities in figure 2-6C). Since CI charged 
to the peak input voltage, the average output 
voltage wUl be higher tiian with an L-type 
inductive input filter. However, large load 
current changes on the capadtive input L- 
t3^e filter would result in anincreased ripple 
amplltudeV An if*t3^e inductive inpfA filter 
gives'a lower output voltage and good voifa ge 
regulation. A capacitlve input L-type filter 
gives a higher output voltage, but the voltage 
regulation is poor. Hie L-type inductlveinput 
filter is used in applications which have 
large load current changes. Capacitlve input 
filters are used in power supplies that have 
a relatively constant load or current drain. 

2-19. PI-TYPE FILTEHS 

2-20. The Pi-type filter is a compromise 
between the two L-^lype filters Just discussed. 
It will provide a relatively high output voltage 
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Figure 2-7. Half-Wave Hectifier with LC Pi-type Filter 




Figure 2*8. RC Pi-Type Filter. 

with good voltage regulaUoiu There are two 
Pi^type filters. One is the "l-C Pi-type" 
and the other is the "R-C Pi-type." 

2-21. Figure 2-7A shows the LC Pi-type 
filter. The fUter circuit is composed of LI, 
CI and C2. It will display the properties of 
both the L-type filters Justdiscusaei Figure 
2-7B shews the equivalent circuit for an 
L-C Pi-type filter 

2-22, On the positive alternation of the 
input, CRl will conduct, charging CI, C2, 
and LI. CI charges to the peak aiul C2 to a 
somewhat lower voltage. When CRl is cut 
off, both capacitors wUl discharge through 
and the collapsing magnetic field about 
LI will supply energy, aiding the discharge 
current of CI and C2. 

2-23. A somewhatless effective Pi-type filter 
is the R-C Pi-type filter shown in figure 
2-8. In the RC Pi-type filters, the inductor 
is replaced with a resistor, 

2-24, By replacing Ll with Rl^ a series 
voltage divider network Is foniied by Rl and 
R^. This will result in a lower output 
voltage. Because Rl does not oppose curretit 
changes, u will not return energy to the load 
during the non-conducting time of CRl. The 
result wUl be decreased current regulation* 
For varying load or current changes, this 
type of a filter is not as good as that of the 
LC Pi-type filter. 



2.25, Deleted. 



2-28. VOLTAGE DOUBLER 

2-29. A vdtage doubler is a circuit which 
converts AC to DC, provides filtering, and 
produces an output voltage which is approxi- 
mately two times the peak voltage of the 
transformer secondary. A voltage doubler 
circuit is shown in figure 2-9. 

2-30. Ihe circuit i« actually two half-wave 
rectifiers with capacitive fUters. CRl, Tl, 
and CI make up one of the half-wave recti- 
fiers. The other half wave rectifier is CR2, 
Tl and C2. The circuit is designed so the 
voltages across CI and C2 will be series 
aiding and will result in an output voltage 
across Rl which is two times the peak 
voltage of Tl secondary. Figure 2-1 OA shows 
the currentflowduringthe positive alternation 
of the input and the resultant voltage across 
CI. Note that CI charges through the small 




2-26. Deleted, Figure 2-9. Voltage Doubler 
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Figure 2-^10. VdLtage Doubler Charge and Discharge Paths 



resistance of CHI and therefore^ will charge 
veiy rapidly to the peak vdLtage of Tl 
secondary (lOOVpeak). 

2-31. During the negative alternation (figure 
2-10B]» C2 will charge to the Tl secondary 
peak VdLtage. CHI is reverse biased and CJ 
will discharge. Note in figure 2-1 OB that CI 
discharges through Tl secondaiy^ CH2^ and 
H^. The VdLtage across CI is series aiding 



with the secondary vdLtage of Tl. H^ will 
feel the sum of the two vdLtages or 200V 
peak, CI has a high resistance (H^) in its 
discharge path and will dlschargevery slowly 
maintaining the vdLtage output at approxi- 
mately 200V durii^ this alternation. 

2-32. When the polarity of the input reverses 
as in figure 2-10C» the capacitor CI will re- 
charge veiy rapidly and C2 will start its 
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discharge through Rj, Tl and CHI. The 
voltages of C2 and Ti secondary are now 
series aiding across Bj^. The output voltage 
across H^^ is maintained at approximately 
200V peak. Since an output puise is produced 
tor each alternation of the input sine-wave, 
the circuit is a fuil*wave rectifier with a 
ripple frequency twice the input frequency. 



2-33. Hie high output voltage from the volt- 
age double r is possible due to the fact that 
the charges of capacitors CI and C2 are 
added in the output. To maintain this high 
voltage output, the load resistance and capacit<^ 
ance must be large to produce a long dis- 
charge time. The load current drain on a 
voltage doubler must be small. 
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Chapter 3 
VOLTAGE REGULATION 



3"1. The output voltage developed by a 
source of power changes: (l) with a change 
in input and (2) when current is drawn from 
the source. Many electronic circuits operate 
satisfactorily with a moderate amount <^ 
variation In the supply voltage. Some circuits 
are very critical and even a slight deviation 
from the normal su[^y voltage will cause 
unsatisfactory operation. These circuits 
require the useofavoltage^regulatlngdevlce. 
Crystal diodes manufactured for this purpose 
are called zener diodes. Sometimes referred 
to as avalanche diode or brealcdown diodes, 
these diodes use the brealcdown voltage and 
the avalanche current region of the PN 
junction. This chapterdiscusses zenerdiodes 
and electronic voltage regulators. 



3-2. ZSNER DIODE 

3-3. ^^Zener" is a name glveu to a family 
of diodes designed to operate with reverse 
brealcdown voltage. Zener diodes operate in 
the avalanche region of their characteristic 
curves, without damage. 

3«4. Thevoltagecurrentcbaracteristlcs of a 
typical zener diode are shown in figure 3-1. 
With forward Mas, the zener diode operates 
the same as a regular PN Junction* With a 
small reverse bias across the PN Junction 
the barrier potential is increased* This action 
causes a space charge depletion regf.on or 
junction. Otdy a small lealcage current will 
How due to minority carriers. 
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Figure 3-1. Zener Diode Characteristic Qirve 
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3-5« Increasiiigthe reverse voltage increases 
the velocity of the minority carriers. Some 
of these carriers collide with covaient bond 
electrons releasing them as carriers. This 
action has a cumiUatlve effect called 
^'avalanche ionization/' It comprises a rapid 
increase in reverse current that^ unless 
checked a series limiting resistor^ may 
destroy the semiconductor. The reverse 
voltage at which avalanche effect occurs is 
called the reverse breakdown voltage and is 
abbreviated BV^. 

3'6« The zener diode voltage L^egulator is 
operated between point A (Figure 3-l)and point 
B, At point A, the current is about 3 roA 
and the voltage across the zener is about 
43 volts* At point B, the current is about 
22 roA and the voltage across the zener is 
about 45 volts. Between points A and B^ 
the current changes l^ mAas the voltage 
changes 2 volts* 

3-7. A zener voltage regulator circuit is 
shown in figure 3-2^ along with the schema* 
tic symbol of zener diode CRl. The zener 
diode is placed in parallel with the load and 
in series with the current limiting resistor 
HI. The voltage delivered to the load is 
controlled by the BVft value of CHI. If the 
supply voltage (input from filter) decreases^ 
the reverse voltage across CHI will decrease* 
Therefore, the speed of the carriers in the 
crystal will decrease and reverse current 
will decrease. The current through HI 
decreases with a proportionate decrease in 
voltage drop across Rl. The decreased drop 
across Rl cancels some of the original drop 
in the supply voltage and keeps the voltage 
across the load fairly constant. 

3-6* Zener diodes are designed to operate 
at various voltages. Whenaregulatedvoltage 
in excess of the rating of one zener diode is 
required, two or more diodes may be 
connected in series. Several regulated volt- 
ages can be obtained from a single rectifier 
power supply. 

3-9. To illustrate the operation of a zener 
dlode^ we must use both figures 3-^1 and 3-2. 
Figure 3-^1 indicates that the current midway 
between points A and B is about l2 mAand 
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Figure 3-2. Zener Voltage Regulator arcuit 

the voltage across the zener is about 44 
volts* Ihus^ the voltage across the load is 
also 44 volts. Current thru Rl^ therefore, is 
the sum of the load current and the zener 
current or 62 mA. The voltage drop across 
the 500-ohm HI is 31 volts. The input voltage 
from the filter network is the sum of E^^ 
and ^CHI '^^ volts. 

3-10. If the voltage from the filter were 
to decrease to 69 volts, the voltage across 
the zener and the load would change to 43 
volts. Figure 3-1 shows that with 43 volts 
across CRl, current through CRl is 3 mA. 
The decrease of I mA through the 880-ohm 
load decreases E|)i by 5 volts. So,fora change 
in input voltage (from the filter) of 6 volts 
(75V to 69V), the load voltage changed only 

1 volt (44V to 43V). Checking: Eoi + 

E, ^ = 69V (26V + 43V) = 69V. 
loaO 

3-lL If the voltage from the filter were to 
increase to 6t.5 volts, the voltage across the 
load would go to 45 volts^. The increase of 
10 milliamperes through CRl (22 mA at 
45V, figure 3-1) and the I mA increase 
through the load, increases the voltage drop 
across Rl to 36.5 volts (36*5V + 45V = 
6t.5V). The result is as fcUows: The voltage 
from the filter could have a change inampli-^ 
tude of 12*5 volts (69V to 8L5V), but the 
voltage across the load would only change 

2 volts (43V to 45V). 

3-12* Even though a zenerdiodedoes regulate 
voltage, ithas certain limitations. The current 
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Figure 3**3. Equivalent EVR Circuit 

range (maximum to minimum) is limited; 
there is avoltagecbangebetweenthe minimum 
current and maximum current conditions; and 
the amplitude of the regulatedvoLtage is fixed 
by the type of zenar used. Electronic volt- 
age regulators use amplifier circuits along 
with the zener diode to overcome the limi* 
tations of the zener diode alone. 

3-13. ELECTRONIC VOLTAGE REGULATOR 
(EVR) 

3*14. An electronic voltage regulator is a 
circuit designed to maintain the output voltage 
nearly constant regardless of ininit voltage or 
load changes. An electronicvoltage regulator 
can be equated to the series resistive cir* 
cuit^ shown in figure 3*3. The load resist- 
ance is connected in series with vaiiatde 
resistor Rl across the output terminals of the 
power supply. The voltage from the power 
supply has ripple and is not regulated. 
Further^ ii the resistance changes^ the voltage 
across the load cannot remain constant 

3-15. In figure 3-3^ if Rl is increased as the 
input voltage goes up^ the voltage across the 
load can be made to remain constant An 
increase in E applied to a series circuit 
increases I total. A corresponding increase 
in R total will decrease I total to its 
original value. Further^ if the size of Rl 
is decreased as the input voltage decreases^ 
the output voltage remains constant. Uke- 
wise^ if the load resistance is decreased. 



Figure 3-4. Simplified EVR Qrcuit 

and Rl is decreased a proportional amount, 
the load voltage remains constant. This is the 
basic principle of an electronic voltage regu- 
lator circuit 

3-^X6. A Amplified electronic voltage regu- 
lator circuit is shown in figure 3-4. A tran-^ 
sistor has been inserted in place of a variable 
resistor. Recall that a transistor is a vari- 
able resistance and that its resistance canbe 
controlled by electronic means. Zener diode 
regulator CRl with current limiting resistor 
Rl develops forward bis^ for Ql. The zener 
is rated at 10.1 volts and, during normal 
operation, holds the voltage on the base of 
Ql constant at this value. With Ql conducting, 
a voltage of approximately 10 volts Is 
developed across the load resistance. There-' 
fore, the bias on Ql during normal operation 
is the difference between the base andemitter 
voltages or .1 volt. With the base voltage of 
Ql held constant 1^ CRl, the only way the 
bias of Ql can be changed is for the voltage 
on the emitter to change. Thus, the voltage 
on the emitter, which is also the load volt- 
age, determines the resistance of Ql. 

3-17. If, for any reason, the load voltage 
decreases, the bias on Ql increases. With 
an increase in forward bias, the resistance 
of Ql decreases and more current flows, 
bringing the load voltage back toward its 
original value. 

3-18. Or, if the load voltage increases, 
the bias on Ql decreases. A decrease in 
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Figure 3-5, EVR 

forward bias of Ql cai'sesthe resistance of 
Ql to increase. This jauses less current to 
flow^ and the voltage across the load returns 
to the regulated value. The circultisdesigned 
So that the resistance change in Ql is pro- 
portional to a diange in load voltage. This 
operation holds the voltage across the load 
relatively constant in case either the input 
voltage or the load resistance changes. 

3-ld. Although this is an improvement over 
the simple zener diode regulator^ the simpli* 
fied electronic voltage regulator still has 
limitations. Figure 3-5 shows a schematic 
diagram of a complete electronic voltage 
regulator circuit. Two class A amplifiers^ 
Ql in series and Q2 in shunt^ detect and 
compensate for variations in source vdtage 
or load* With the addition of Q2 and vdtage 
divider network B3^ R4^ and R5» this circuit 
regulates the vdtage across the load to a more 
constant value. 

3*20. Transistor Ql is in series with the 
load. The action of Ql changing its resist* 
ance to hdd the output vdtage constant is 
stUl present. Notice that the base current 
of Ql is now controlled by Q2. R2 is the 
cdlector load resistor for Q2 and the forward 



Was resistor of Ql. Resistor Rl is the cur- 
rent limiting resistor for CRl. 

3-21. The Mas fortransistorQ2isdetermined 
by the vdlages on its emitter and base. The 
zener diode sets the emlttervdtage^ which is 
called the Q2 reference vdtage. The voltage 
on the base of Q2 is developed by the voltage 
divider network (P3^ R4^ and H5) connected 
across the load. This arrangement con- 
tinuously samples the output vdtage. In other 
words* if the output vdtage weretoincrease* 
the vdtage on the movable arm of R4 will 
increase. So* with the emitter vdtage of Q2 
being held constant at all times* the con- 
duction of Q2 is controlled by the vdtage at 
the arm of R4. 

3-22. To illustrate the operation ci the 
electronic vdtage r^^ulator* let's discuss: 
(1) an increase of input vdtage and (2) an 
increase in the load on the circuit. An 
increase in input voltage is felt across volt* 
age divider H3* R4* and H5. The vdtage at 
the a of R4 will go in a positive direction. 
This increase in vdtage at the base of Q2 
increases its forward bias. Transistor Q2 
conducts harder and increases the vdtage 
drop across B2. This makes tb«> vdtage on 
the base of Ql less positive. ^. xess posi* 
tive vdtage on the base ci Ql decreases the 
forward bias of Ql* which increases its 
resistance. With resistance of Ql increased^ 
more voltage is dropped across Ql (coUector- 
to*emitter}. The increase in vdtage drop 
across Ql nearly equals the increase in 
input vdtage (from the £Uter) and the load 
vdtage remains ir^atlvely constant. This 
action is instantaneous* and the EVR circuit 
maintains a regulated output vdtage anytime 
the input voltage increases. A decrease in 
input vdtage results in just the opposite 
action within the circuit* and the output vdt* 
age remains at the regulated value. 

3'-23. An increase in load on the circuit 
means that the resistance of the load has 
decreased. When this occurs^ load vdtage 
decreases. Any change in load vdtage is 
felt across vdtage divider R3* R4^ and R5. 
A decrease in load vdtage causesthe vdtage 
at the arm of R4 to decrease. The decrease 
in vdtage at the base of Q2 reduces its 
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forward bias. TransistDr Q2 then conducts 
less, and the currentthroughitsload resistor 
decreases. This causes the voltage on the 
base of Ql to increase (becomes more posi- 
tive). The increase in voltage on the base 
of Ql increases forward bias and causes the 
resistance of Ql to decrease. The decrease 
in resistance of Ql (emitter-to-oollector) 
causes the voltage across Ql to decrease, 
leaving more voltage across the load* The 
decrease in voltage across Ql nearly equals 
the decrease in load voltage and, for all 
practical purposes, the load voltage remains 
constant. 



error amplifier Q2. This regulator circuit 
provides very close regulation of the output 
voltage. 

3-25. Another characteristic of the electro- 
nic voltage regulator circuit is the fact that 
the output voltage can be adjusted to aspeci- 
fic value. Resistor R4 is the output voltage 
adjust. If the arm of R4 is moved up, the 
forward bias on Q2 increases, andQ2 con- 
ducts harder. The voltage across R2 in- 
creases and the voltage on the base of Ql 
decreases. The forward bias of Ql is thus 
decreased, so the resistance of Ql increases. 
This action will reduce the output voltage. 



3-24. Transistor Ql is referred to as the 
"series regulator." The voltage on the arm of 
R4 Is called the "error signal," and Q2 is 
the "differential" or "error" ampUfier 
since it amplifies the errorsignal. The zener 
diode provides the reference voltage for 



3-26. If the arm of R4 is moved down, the 
forward t^as of Q2 decreases^ Q2 conducts 
less, and the voltage on the base of Ql 
increases, which decreases the resistance of 
Ql. This action will cause the oulput volt- 
age to increase to a higher value. 
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Chapter 4 



4-1. TROUBLESHOOTING THE HALF WAVE 
RECTIFIER 

4-2. In order to troubLeshoot the power 
supply^ you must be familiar with the function 
of its component parts. For our explanation^ 
we will discuss the effects of open or shorted 
diodes and capacitors. The function of the 
diode* as you recall* was to change AC to 
pulsating DC. The filter capacitor was used 
to change pulsating DC to DC In performing 
this task* the ripple amplitude is decreased 
and the average output voltage increases. 
Keeping these functions in mind* let's look 
at the half wave rectifier with a capacitive 
filter shown in Figure 4*1, 



4-3. The totalcurrentwhichflowsinthepower 
supply in Figure 4-1 mu^ flow through CRl. 
An open dtode would cause ^ current 



flow through R^ to cease* CI would no 
longer charge^ and the output voltage would 
drop to zero volts, 

4-4, Figure 4-2 shows the equivalent circuit 
when CRl shorts. Without the dtode to rectify 
the AC * we have an AC voltage applied to 
CI. The reactance of CI to the AC is very 
low (X^ - .159 = 26 ohms). This would 
fc 

cause a large current flow in the primary and 
secondary circuits of Tl^ causing the fuse 
Fl to opent removing the applied voltage. 
Output voltage* in turn* would t>ecome zero. 
This problem Illustrates the importance of 
having a properly fused power supply. A 
circuit that is fused with too large a fuse 
or not fused at all* would have a very large 
load uader this condition and '^'ould probably 
cause serious damage to the transformer and 
other circuit components. 




FX Itl 



Figure 4-^2. Shorted Diode In a Half* Wave Rectifier (Shorted CRl) 





Figure 4-4. Full-Wave Rectifier with L-iype Inckicdve Input Filter 

(Open CRl or CR2) 



4-5. SHORTED CAPAaXOR 

4-6. Fi^re 4^3 shows the equivalent circuit 
formed when the filter capacitor shorts* 

4-7. When the filter capacitor CI shorts, 
notice it shorts the load resistance which 
limits the current in the rectifier circuit. 
CRl is the only resistance in the secondary 
circuit of Tl and when it is forward biased, 
its resistance is very low. As a result, 
there would be a large current flow in both 
primary andsecondary circuits ofTl probably 
destroying the fuse Fl. This again would 
point out the necessity of having a properly 
fused power supply. This circuit is designed 
so fuse Fl will blow before the maximum 
current limitation of the diode is reached. 
The output voltage would drop to zero under 
these conditions. 



4-8. OPEN CAPACITOR 

4^9. If the £Uter capacitor, CI, in Figure 
4-2 opens, we would have no filtering action. 
The rectifier output would then show a high 
ripple amplitude and average output voltage 
would decrease* 

4*10. TROUBLESHOOTING THE FULL- 
WAVE RECTIFIER 

4-11. Figure 4-4A shows the full-wave recti- 
fier Tsdth an L-type inductive input filter. 

4-12. Figure 4-4B illustrates the normal 
unfUtered output and Figure 4-4 C the filtered 
output showing ripple frequency, ripple ampli^ 
tude, and average output voltage. Opening 
either diode results in the circuit becoming 
a half-* wave rectifier with the resultant wave-^ 
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Figure 4-5. I>ill-Wave Rectifier With Shorted Diode 



forms shown in Figures 4-4D and E. Note 
ripple frequency has decreased, ripple amp- 
litude increases and average output voltage 
decreases. 



4-13, OPEN FILTER CAPACITOR 

4-14. If the filter capacitor opens, the 
output waveform would approach that shown 
in Figure 4'4B (unfiltered), LI would still 
do some filtering, however it i& very in- 
effective without CI. As a result, the ripple 



amplitude increases and the average output 
voltage decreases. Compare the two wave- 
forms of Figures 4-4B and 4-4C (filtered 
and unfiltered). 

4-15. SHORTED DIODE ^CRl OR CR2) 

4-16. Figure 4*5 shows the equivalent cir- 
cuit if one of the diodes (CR2} becomes 
shorted* 

4-17 With CR2 shorted, CRl is placed 
directly across the secondary winding of 
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Figure 4-6. Troubleshooting Summary Table 
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Figure 4-7. Rectifier, Filter, and Regulator 



transformer Tl. When it is forward biased 
its very low resistance would place a very 
large load on both primary and secondary 
windings. The excessive currentthroughfuse 
Fl will cause it to bum out. This condition 
would result if either CRl or CR2 shorts. 

4-18, SHORTED HLTER CAPACITOR 

4-19. Shortihg the fUter capacitor CI would 
short out the Load resistance in parallel with 
it. Excessive current would flow, destroying 
fuse Fl. 

4-20. The tatfles in Figure 4-6 provide a 
summary of the effects of open or shorted 
capacitors anddiodesinthe half-wave and fUll- 
wave rectifiers. Note that a shorted diode 
or capacitor results in an excessive load 
which destroys the fuse. An open diode or 
capacitor results in a lower output voltage and 
higher ripple with the exception of the half- 
wave whose output goes to zero with an 
open diode. 



4-21. TROUBLESHOOTING THE ELECT- 
RONIC VOLTAGE REGULATOR (EVR). 

4-22. Thus fkr, we have taken a look at some 
of the problems that could result with open 
and shorted components ineitherthe rectifier 
or the filter circuit of the Power Supply. 
Tho voLtage regulator plays an important 
role within the Power Supply in that it wili> 
under normal operating conditions, regulate 
the voltage under varying load conditions. 

4^23, Before we begin to talk about troubles 
that could exist in the voltage regulator^ 
let's review some of the points that have 
been made about an Electronic Voltage 
Regulator and how it relates to the other 
circuits in our power supply, fi^ referring to 
the block diagram, Figure 4-7A, you can see 
that the voltage regulator fits between the 
FILTER andthe LOAD, the load beingthe mar^ 
circ^uits that the power supply is providihg 
power for. It should be apparent that any 
malfunction occuring in the REGULATOR 
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will cause a change in the amount of voltage 
that is being provided to the LOAD. The 
circuit diagram shown in Figure 4-7B aius- 
trates how the circuits would appear when 
connected together and are drawn to relate 
to the block diagram. 

4-24. From your previous lessons that dealt 
with the Electronic Voltage Regulator^ you 
will recall that the purpose of R4 was to 
provide a means of adjusting the output volt- 
age to the correct value that is required by 
the LOAD. Refer to Figure 4-7B, recall 
that we found that by moving the wiper arm 
of R4 toward R3 that the output voltage would 
decrease and that by moving the wiper arm 
of R4 toward R5 that the output voltage 
would increase. These pointsserveasabasis 
for understanding the circuit which we are 
going to troubleshoot. It would be well to 
review why these statc:ments are true. 

4-25. Moving the wiper arm of R4 toward 
R3 in Figure 4-7B will cause an increase in 
the amount of voltage seen at the base of Q2. 
An increase in voltage at ilie base of Q2 
will cause Q2 to conduct harder and its col- 
lector voltage will decrease. A decrease in 
the collector voltage of Q2isdlrecfly coupled 
to the base of Ql and is seen by Ql as a 
decrease in forward bias. This decrease in 
forward bias at Ql will cause Ql to conduct 
less and the resistance represented by Ql 
will increase. Remember that Ql islnserles 
with the load and that by changing the amount 
of bias at the base of Ql» it will affect the 
amount of resistance exhibited by Ql and in 
turn the amount of voltage drop across it. 
Following the sequence outlined above^ test 
your understanding of the circuit by moving 
the wiper arm of R4 toward R5. Yoa should 
be able to prove to yourself that the output 
voltage increased due to an increase in for- 
ward bias at the base of Ql decreasing its 
resistance. 

4-^26. As an electronic technician^ one of the 
first checks that you will make in the 
system that you are going to maintain is to 
determine whether or not the Power Supply 
is providing the correct value of voltage. In 
our first problem^ we are going to assume that 
you have made this check with a voltmeter 



and have found that the VOLTAGE MEASURED 
AT THE OUTPUT ISHIGHER THAN NORMAL 
AND THAT ADJUSTING R4 DOES NOT 
CHANGE THE OUTPUT VOLTAGE indicating 
that the REGULATOR is not functioning 
properly. 

4-^27. The faulty component in this case could 
be an open resistor such as R3. If R3 is 
open^ the voltage seen at the base of Q2 
would be zero. With zero volts at the base 
of Q2| it would not conduct and the collector 
voltage would be more positive than normal 
resulting In an increase in forward bias for 
Ql. With Ql conducting harder than normal^ 
its resistance would be low. The lower 
resistance of Ql results in a decreased 
voltage drop across it and the voltage being 
provided to the load would be higher than 
normal. The REGULATOR would not be able 
to regulate for changes in voltage with 
R3 openbecause transistor Q2 would be unable 
to detect changes in output voltage. 

4-28. Other components in the circuit that 
coulu cause the same type of symptoms are 
listed below: 

CRl Open - With CRl open, Q2 is prevented 
from conducting and its collector voltage 
would be more positive. Ql would detect 
this as an increase inforwardbias resulting 
in a decrease in voltage drop across Ql 
and in turn a rise in output voltage. 

Q2 Open - With Q2 open, we would have a 
more positive voltage applied to the base 
of Ql resulting in an increase in forward 
bias for Ql. 

Ql shorted - With Ql shorted, the entire 
voltage would be seen at the load as a 
high and unregulated value of voltage. 

4-29. In our discussion of troubleshooting 
thus far, we have talked about the symptom 
of the output voltage being higher than nor- 
mal. Suppose that in our check of the power 
supply that we find that the output voltage is 
LOWER THAN NORMAL. 

4-30. One of the components in the REGU- 
LATOR that could cause this type of a 
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symptom would be a shorted zener diode 
such as CHI. Under normal conditions, 
CRl Provided a positive regulated voltage 
for the emitter of Q2 in order that 02 would 
be able to detect any voltage changes 
appearing at the base of Q2. with CHI 
shorted, the emitter of Q2 would be atground 
potential resulting in an increase in forward 
bias at the base of Q2. Q2 would conduct 
harder than normal. The collector voltage of 
Q2 would decrease in value andthis decrease 
would be coupled to the base of Ql as a 
decrease in forward bias for Ql. Decreasing 
the forward bias of Ql would be seen as an 
increase in the resistance of Ql and in turn 
more voltage would be dropped across Ql. 
>Vith more voltage dropped across Ql* less 
voltage would be seen at the load with the 
resultant symptom of output voltage LOWER 
THAN NORMAL. 

4-31. Other components in the Electronic 
Voltage Regulator that could cause similar 
symptoms are listed below; 

R3 Shorted - With R3 shorted, there would 
be an increase in forward bias seen at 
the base of Q2 resulting in a decrease in 
collector voltage. This decrease in col- 
lector voltage would be detected as a 
decrease in the iorti^rd bias for Ql 
resulting in an increase in resistance of 
Ql. More voltage would be dropped across 



Ql and less voltage would be seen at the 
load. 

R-2 Open - With R2 open, there is no longer 
a path for forward bias for Ql. Ql will 
not conduct and the output voltage will 
be zero. 

Ql Open - If Ql is open, the DC path for 
current flow is open and in turn the output 
voltage will be zero. 

4-32. The question that should now arise is 
"How doyoulmow which one of the com|>onents 
is causing the malfunction if thei^ are a 
number of components that will provide the 
same symptoms?" The answertothisquestlon 
lies in your ability to use the PSM6 and 
your ability to interpret the readings that you 
take. As an example, if we use the symptom 
of OUTPUT VOLTAGE IS LOW and use the 
voltmeter to determine which component is 
faulty, a voltage measurement of zero votts 
at the emitter of Q2 would tell us that CRl 
was not providing the positive voltage that it 
is supposed to provide. With R2 or Ql open, 
our output voltage would not only be low, 
it would be zero. Wth R3 shorted, a check 
at the emitter of Q2 would provide a positive 
voltage measurement that is being developed 
by CRl. A further check at the base of Q2, 
with R4 at its upper extreme, would show 
that the base voltage of Q2 is the same as 
the output voltage. 
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POWER AMPLIFIERS 



5-1. Usually amplifier systems have a series 
of amplifiers connected together. A small 
signal is applied to a firs^t or ^Unput" 
amplifier, and its "output" becomes the 
input to the next circuit in the series. The 
purpose of eachamplifiercircuitis to receive 
the signal> ^.ncrease its strength, and pass it 
on to the next amplifier. Whether the system 
contains few or many amplifiers, the function 
of each stage is to increase the signal level. 
In the last stage, the signal has sufficient 
power to perform some useful work. 

5*2. In general, the last stage of a series 
of amplifiers is called the power amplifier. 
The power stage differs from the preceding 
stages in that it is designed to obtain maxi^ 
mum power rather than maximum voltage 
gain. 
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Figure 5-1. Power ]>issipation 
Curve for 2N1067 Transistor 



5^3. One transistor limitation is the amount 
of power that it can dissipate. The maximum 
power dissipation (PDMAX) rating of a tran* 
sistor is the maximum allowable power; to 
exceed rating would destroy the 

transistor. 

5*4. Maximum COLLECTOR dissipation is 
the maximum power that may be safely 
dissipated by the collector. This operating 
limit is represented on characteristic curves 
as a constant power dissipation curve, maxi- 
mum power dissipation curve, PDMAX, or 
total dissipation. PDMAX is the product of 
the DC quantities of V^e ^C- 

5-5. If the manufacturer lists the maximum 
power dissipation of a transistor as 2 watis, 
the product of collector voltage times col- 
lector current must not exceed 2 watts. 
Under AC conditions the instantaneous values 
of voltage or current may exceed this value 
as long as the average power does not. 

5-6. Figure 5-1 is a characteristic curve 
chart for a 2N1067 silicon transistor. Notice 
that the lines terminate on the transistor 
total dissipation curve, which is 5 watis. 



Dividing 5 watts by 500 ma results in: 

^^^^ - 4 = 10 volts 

Locate this point at the intersection of the 
500-mA 1(2 and iO-volt lines. Another 
point is 250 mA and 20 volts; a third point 
is 100 mA and 50 volts. Note that the pro- 
duct of each set of values is 5 watts. 
Connecting all the points with a line produces 
the power dissipation curve. This curve 
shows the maximum collector current for 
any value of collect or* to^ emitter voltage. 
The maximum power dissipation curve is 
used to establish the operating (Q) point and 
the load line. The load line and operating 
point must always be to the left of the 
maximum power dissipation curve. The load 
line may fall tangent to curve, but it must 
never fall to the right of the power curve. 

5<-7. Since a power amplltier is operated at 
high power levels, the heat generated 
internally in the transistor tiecomes a major 
concern. The stability of a transistor de* 
creases as junction temperature increases. 
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Figure 5-2. Heat Sink 



A device called a '^heat sink^isusedto move 
the heat away from the transistor Jxmctions. 
The heat sink shown in i^gure 5-2 consists 
of metal with a very large surface area* 
attached directly to the metal case of the 
transistor. Some cases have fins to dissi- 
pate heat into the surrounding air more 
rapidly. The heat produced at the junction of 
the transistor transfers to the metal case of 
the transistor. Since the heat sink makes 
direct contact with the metal case^ the heat 
transfers to the heat sinkr and then the air. 
This lowers the operating temperature atthe 
junction of the transistor. 

5-8. In many cases the schematic diagram 
of a high-power ampliiier is the same as for 
a low**power or medium-power amplifier. 
The major difference is in the power rating* 
physical construction^ use of heat sinks* and 
mounting methods. 

5-9. Another difference (aside from the fact 
that the power amplifier is the last stage) 
is that the power amplifier is designed for 
maximum output power ratherthan maximum 
gain. The poweramplifierstagehasasmaller 
value of load impedance than the preceding 
stages. To have maximimi transfer of power 
from ^ source to a load* the load impedance 
must equal the source impedance. The same 
applies to the power amplifier. Thisis called 



"impedance matching." Since power is a 
function of current squared times resistance 
(P = I^R)* R is kept as small as possible 
to allow maximum current flow. 



5-10. £)oubLe*Ended 
Amplifier 



(Push-Pull) Power 



5-11. A circuit arrangement that is com^ 
monly used as the 0nal or power amplifier 
stage is the double-ended or '^push-^puU" 
ampllfter. A pudfa*pull circuit contains two 
amplifiers which operate in 180"^ phase 
relationship. This produces additive output 
components of the desired wave* with can- 
cellation of certain unwanted products. A 
push-pull ampllfter consists essentially of 
two transistors connected as shown in figure 
5-3, 

5*12. Two transformers* Tl and T2* use 
a center-tapped winding. Resistor Rl 
provides the forward-Was voltage for Ql and 
Q2 and establishes the operating point for 
both transistors. One tialf of the primary of 
transformer T2 represents the collector load 
impedance for Ql and the other half repre- 
sents the load impedance for 02. T2 also 
provides impedance matching between the high 
output impedances of the transistors and the 
low impedance of the speaker voice 
coll. 



5-2 i Oi 




Figure 5-3. Qass A Push Pull Fo^ver Amplifier 



5-13. With no signal input^ Ql and Q2 
conduct equally through both parts of the 
center'^tapped primary Ending of T2 to Vcc* 
The voltage at point A equals the voltage at 
point B; both are less positive than the 
center tap^ and no voltage is induced in the 
T2 secondary winding. 

5*^14. Assume Qass A operation. Through 
the use of center-tapped transformer Tl» 
two signals^ 180 degrees out of phase and 
equal in amplitude^ are applied as inputs to 
the push-puil amplifiers. 

5<^15. On the positive alternation of the 
input signal the potential on the base of Ql 
will go in a positive direction. The poten* 
tial on the base of Q2 will go in a negative 
direction. Since bath transistors are NPN 
type^ the potentials applied to their base 
elements cause the conduction Ql to in- 
crease and Q2 to decrease. The increase in 
Ql collector current causes point A to tiecome 
less positive tiecause oftheincreasedvoltage 
drop across the top half of T2. The col- 
lector voltage waveform shown at Ql is a 
graph of the potential at point A. 

5-16. The decrease in conduction of Q2 
causes the potential at point B to increase 
(become more positive). Thus^ the potential 
at point B is increasing positive while the 



potential at point A is decreasing positive. 
This causes a potential dtfierence to be 
developed across the entire primary of T2 
and appears as the negative aitemation<^the 
output waveform. 

5-17. On the negative alternation of the 
input signal the reverse of the above action 
occurs. The conduction of Ql decreases 
and the conduction of Q2 increases, the 
collector voltage waveforms gomore positive 
at Ql and less positive at Q2. The polarity of 
the voltage developed across the primary at 
T2 is reversed fromthepreviousaitematicap 

5-18. The power output from this class 
A push<^puU circuit can be more than twice 
that obtainable from a single- ended, class A, 
power amplifier. An added advantage of this 
circuit is cancellation of all even harmonics^ 
(provided the transformer circuits are baio* 
anced). Any noise or variations from the 
V^^ source affect both circuits. Since the 
primary of T2 is center-^tapped, equal voltage 
changes at ^ and B cancel in push-puil 
operation. 

5-19. The class A push-pull power ampli- 
fier is used ivhere minimimi distortion isthe 
primary consideration and efficiency is 
deemed less important. A disadvantage of 
class A operation is low efficiency. 
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Figure 5-4- Class B Push-Plill Amplifier 



5-20. Figure 5-4 shows a simplified 
schematic diagram of atransfbrmer-coupled. 
Class B, push-pull amplifier. This circuit 
can be identified by the fact that there is no 
forward bias network for the base-em^ttter 
junction. Witii nc input signal both transistors 
are cutoff. Each transistor conducts when a 
positive polarity is felt on its base, on 
alternate half cycles of the input signal. A 
positive potential at the Mn of the Tl sec* 
cndary causes Ql to conduct bu* the negative 
potential, at the bottom of Tl secondary, 
holds 02 cutoff. The nextaltemation reverses 
the polarities so that Ql is cut off and Q2 
conducts. The output signals combine in out- 
put transformer T2. 

5-21. Greater efficiency is obtained with 
Class B push-pull because neither transistor 
conducts with no-itqmt-signal, and no power 
is wasted* 

5-22. An indication of the output current 
waveform for a given signal current input can 
be obtained by considerinirthe dynamic trans- 
fer characteristics forthe amplifier. Assume 
that the two transistors have identical dynamic 
transfer characteristics. The characteristics 
for one of the transistors is shown in figure 
5-5A, The variation in output (collector) 
current is plotted against input (base) cur* 
rent under load conditions. Since two tran- 
sistors are used, the overall dynamic trans- 
fer characteristic for the push-pull amplifier 
is obtained by placing the two curves back- 
to-back (figure 5-5B). 

5-23. ^ote that the zero lines of each 
curve are lined up vertically to reflect the 
zero bias current In figure 5-6, points on 
the input base current sine wave are projected 



onto the dynamic transfer characteristic 
curve. The corresponding points are deter- 
mined and projected as indicated to form the 
output collector current waveform. Note that 
severe distortion occurs atthe "cross-over" 
points, where the signal passes through zero. 
This is called crossover distortion. This 
type of distortion becomes more severe with 
low signal input currents. Crossover dis- 
tortion can be reduced, or eliminated, by 
using a small forward bias on both tran" 
sistors of the push-pull amplifier (Cass 
AE operation). 
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Figure 5-5. Transistor Oirvesfor Push- Pull 
Class B 
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Figure 5-6. Qass B Push-Pull Wave Forms 
(Crossover Distortion) 

5-24. A class AB push-pull amplifier is 
shown in figure 5-7. Reslator Rl provides 
the forward bias which establlshesthe opera- 
ting point just above cut olf. This small 
forward Was eliminates crossover distortion. 
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Figure 5-7. Qass AB Puah-Pull Power 
Amplifier 
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Figure 5-8. Class AB Push-Pull Transfer 
curves 

5-25. A studt^ of the ^namic transfer 
characteristic curve of the amplifier demon- 
strates the reduction or elimination of cross- 
over distortion. In figure 5-8At the (^^namic 
transfer characteristic curve of each tran- 
sistor is placedbacfc-to-back.Thetwocurves 
are badc-to*back and not combined. The 
dashed lines indicate the base current values 
when forward bias is applied With forward 
bias applied^ the curve of each transistor 
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Figure 5-9. Qass AB Push*Pull 
Waveforms 




Figure 5-10. Harmonics in 
Single--ended Amplifiers 



mvtst he aligned at the base current line 
(dashed line). Figure 5-SB shows the result 
of moving the charts so that the base cur- 
rent value of each transistor is aligned. 
Notice that the resulting dynamic transfer 
curve i s practically straight through the 
crossover area. 

5*26. In figure 5-9^ points on the input 
base current (sine wave) are projected onto 
the dynamic transfer characteristic curve. 
The corresponding points are determined 
and projected as indicated to form the output 
collector current waveform. Compare this 
output current waveform with that shown in 
figure 5*6. Note that crossover distortion of 
Class B operation does not occur when a 
small forward bias (class AB operation) 
is applied. 

5*27. Push-pull amplifiers provide cancel- 
lation of even harmonics if the circuit is 
balanced. This is illustrated in figure 5-11. 
Hecall that a non--linear device causes dis-- 
tortio.1 and generates harmonic frequencies. 
With a Class A push-pull amplifier^ there 
should be no harmonic frequencies gene rated 
because the circuit operates on the linear 
portion of the transf e r curve* Howeve r, class 
B or class AB ope ration willcreate harmonics 
and cause distortion. Figure 5-lOc shows the 
output signal of a single-ended amplifier 
operated class AB. Note that one alternation 
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Figure 5-11* Even Harmonic CanceUation 
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Figure 5-12. Balancing A Push-Pull Amplifier 



(positive) is larger than the other (negative )_ 
By adding the fundamental frequency (figure 
5-10A)to the second harmonic (fl^re5-10B) 
the resultant waveform is shown in figure 
5-lOc. This is the same as the output of the 
class AB amplifier. 

5-28. Fi^re5-ll shows a push-pull amplifier 
and the relationship of the fundamental and 
second harmonic frequencies. The funda- 
mental frequency (F) on the collector of Ql 
is used as a reference; the fundamental 
frequency on the collector of Q2 is out of 
phase by 180 degrees. The second harmonic 
of F at Ql Is shown In-phase with F at the 
zero points; that is» as F goes through zero» 
the second harmonic goes through zero 
also. The second harmonic frequency of F 
at Q2 has the same phase relationship 
because Q2 and its circuitry are exactly 
the same as Ql* The harmonic frequencies 
(2f) appear at both ends of the output 
transformer (T2). With the top of T2 posi- 
tive (first alternation of 2F at Ql) and the 
bottom of T2 positive at the same time (first 
alternation of 2F at Q2)» there is no dif- 
ference of potential across the transformer 
primary. Therefore, the second harmonic 
frequency does not develop an output signal. 
In other words, the second harmonic frequency 
cancels. All even harmonic frequencies will 



experience this same cancellation effect. Odd 
harmonics, however^ will not cancel. 

5-29. Since components cannot be made with 
identical characteristics (i.e., exact 
resistance)} a variable resistorinthe emitter 
circuit is used to balance a push-^puil amplifie r 
circuit. Refer to Rl in figure 5-12. For 
example, if Ql has slightly more resist- 
ance than Q2, then resistor Rl can be adjusted 
to compensate for the small difference. 

5-30. Phase flitters 

5-31. "Driver Stage* ' is a term used to 
describe the amplifier which is used to supply 
the "driving*' or input signal to the finals 
or power amplifier, stage. The push-puil 
power amplifier input requires two signals 
equal in amplitude and opposite in phase. 
A driver stage that supplies two equal 
amplitude output signals, differing in phase 
by 180 degrees from a single input is called 
a '-'phase splitter'* or "phase inverter.'* 

5-32. In the push-pull amplifier we just 
studied, center^tapped transformer Tl 
provides two signals of equal amplitude, 
180 degrees out of phase, to two transis- 
tors Ql and Q2. Although the transformer is 
a simple means of developing the required 
signal for a push-^puil amplifie r» economy, 
size, and weight may prohibit its use. 
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Figure 5-13. Qne*Stage Phase Splitter 



5-33- Figure 5*13 show: * "split^load" 
phase inverter. Also called a "paraphase 
amplifier/' or "phase splitter/' this circuit 
develops two stgnals^ 180 degrees out of 
phase^ without the use of a transformer. 
Resistor Rl establishes the base current. 
When the input signal aids the forward bias 
(base becomes more negative^ PNP 
transistor)^ the output current increases. 
The increased output current causes the col- 
lector of Ql to be less negative (positive 



direction) with respecttoground* The emitter 
of Ql becomes more negative with respect to 
ground* When the input signal opposes the 
fbn.ard bias^ the output current decreases^ 
the collector goes negative, and the emitter 
less negative (Positive direction). 

5-34. This action produces two output 
signals that are 180 degrees out of phase 
with each other. They will be equal in 
amplitude If R2 equals R3. 




R2 




Figure 5-15. Complementary -Symmetry 
Circuit 

5-35. However^ when resistor H2 equals 
resistor R3^ an unbalanced output impedance 
results. The collector output impedance of 
transistor Ql is higher than its emitter 
output impedance. This disadvantage is over- 
come by inserting sariesresistorHs between 
C2 and the top of R2. The values of R2 
are chosen so that the output impedances 
of the collector and emitter are balanced* 
This eliminates distoiiion of strong signal 
currents. The signal voltage lost across the 
series resistor is compensated by making 
R2 higher in value than as. 

5-36. Notice that emitter resistor R2 is 
unbypassed in order to develop one of the 
output signals. This unbypassed emitter 
resistor reduces the voltage gain to less 
than one. The frequency response oi tbB 
phase -splitter amplifier circuit is wide when 
compared to a center-tapped transformer. 

5-37. DISCHAiWE DIODE 

5-38. A class B push-pull amplifier that 
uses capacitive coupling in the input circuit 
has limitations. Refer to figure 5-14 as we 
discuss the need for discbarge diodes. 

5-39. Transistors Q2 and Q3 are the push- 
pull amplifiers and Ql is the phase splitter, 
Q2 and Q3 are operated with zero bias. 



Assume a positive signal alternation on the 
collector of Ql. This causes CI to charge 
through the low resistance of the forward* 
biased base-emitter junction of Q2. 

5-40. When the negative alternation of the 
signal is present on the collector of Ql^ 
CI tries to discharge through the reverse* 
biased base-emitter junction* The high resist^ 
ance on the reverse-biased junction forms a 
long time constant for discharge of CI. It 
cannot discharge more during the next posi- 
tive altematioiu The charge across CI is in 
series with the input signal. This shifts the 
operating point of Q2 toward cutoff. The same 
action occurs with Q3. 

5-41. To equalize the charge and discharge 
time of the coupling capacitors^ discharge 
diodes CRl and CR3 are connected across 
the base-emitter junctiois. This prevents 
the signal from shifting the operating points 
of Q2 and Q3. 



5-42. Complementary -^symmetry 

5-43. Junction transistors are available as 
matched PNP and NFN types. The direction 
of electron flow in the terminal leads of the 
one type of transistor is opposite to that of 
the other type. 

5-44. When the transistors are connected in 
a single stage^ the DC electron path in the 
output circuit is completed through the col- 
lector-emitter juncticns in series* This is 
referred to as a complementary -ay mmeti^ 
circuit (figure 5-15). The circuit provides 
the advantagesof conventional push-pull amp^ 
li£Lers without the need for a phase -inverter 
stage, or a center-tapped transformer. 

5-'$5. Figure 5-15 shows PNP transistor Ql 
and NPN transistor Q2 in a complementary- 
symmetry connectioiu A negative-going signal 
forward biases transistor Ql and causes it 
to conduct A positive -going ii^nit signal for- 
ward biases transistor Q2 and causes con- 
duction. As one transistor conducts, the other 
is cutoff because the signal that forward 
biases one, reverse biases the other. 
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Figure 5-16. Simplifiecl Output Circuit ol 
Complementary -Syinme try Amplifier 

6*46, The resultant action in the output 
circuit can be understood by consiclering the 
circuit of figure 5-16. This is a simplifiecl 
version of the output circuit. The internal 
emitter-collector circuit of Ql is represented 
by variable resistor Rl^ and of 02 by vari- 
able resistor R2. With no input signal and 
class B operation (zero bsLse current)^ the 
arms of the variable resistors are positioned 
to maximum resistance. No current flows 
through the load resistor H^.Asthe incoming 
signal goes positive^ Q2 conducts and Ql re- 
mains cutoff. Variable resistor Rl remains 
in the maximum resistance position* The 
variable arm of resistor R2 moves toward 
point 3. current passes through the series 
circuit consisting of Vqcz* resistor 
and, variable resistor R2 (Q2). The amount 
of current flow depends upon the magnitude 
of the incoming signal. The current flows 
in the direction d the dashed arrow, pn> 
ducing a voltage with the indicated polarity. 
Mien the input signal goes negative, Ql 
conducts and Q2 cuts off. Qirrent flows 
in the direction of the solid arrow, from 
^CCl ^^^^^ variable resistor Rl and load 
resistor Rl. This produces a voltage across 
resistor Rl with the polarity indicated* Notice 
the current through Rl changes directions. 

5-47. For class A operation of this circuit 
a voltage divider network, connected from 
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Figure 5-17. Power Supply for a 
Complementary-Symmetry AtnpUfier 

"^CCl *^ ■*'^CC2> used to apply forward 
Mas. Collector current is not cut off at ai^ 
time. In the simplified circuit {figure 5^16), 
variable resistors will not be in the maxi- 
mum resistance position at ai^ time. Qir- 
rent in the output circuit flows out of the 
negative terminal of battery VcCl ^CC2 
in series aiding, through resistors Rl andR2, 
and ba^k to the positive terminal of tiattery. 
No resultant current flows through resistor 
Rl* Under these conditions, the out|: t circuit 
can be considered a balanced bn -ge. The 
arms of the bridge consists of Rl and A2 
and batteries V^ci ^CCZ* Wienthe input 
signal goes negative, the variable arm of Rl 
moves toward point 2 and A2 moves toward 
point 4. Again, the bridge is unbalanced and 
electrons flow through Rl in the direction of 
the sdid-'line arrow. 

5-^48. In either class A or B operation, no 
direct current flows througji the load* The 
voice coil of a loudspeaker may be con- 
nected directly in place of Rl* Class AB 
operation Is sometimes used to prevent the 
crossover distortion problem of class B 
operation. 

5-49. Since two different transistors are 
used (one NPN and one PNP), two voltage 
polarities are required. A common method of 
obtaining different polarities from a single 
source is shown in figure 5-17. The output of 
the power supply uses a voltage divider 
arrangement with ground in the middle. This 
supplies a positive voltage at point A and 
a negative voltage at point B. 
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5*50. Compound Connected Amplifiers 

5-51. The current, voltage, and power gains 
ot a common base transistor amplifier are 
directly related to alpha, recall the forward 
current transfer ratio. This factor is the 
ratio of the output current (Ic) ^ i'*^ 
current (Ig); the higher the alpha, the higher 
the current gain of atransistor. A compound^ 
connected amplifier is a circuit designed to 
increase alpha. 

5-52. Figure 5-18 shows a compound-con- 
nected transistor circuit. Note that the base 
of transistor Ql is connected to the emitter 
of transistor Q2^ and that the two collectors 
are connected in the common-base configura- 
tion. The following computations show that 
alpha (that is, the ratio of total collector 
current to input current) is greater than that 
of a single transistor. 

5-53. For the circuit showii in figure 5-18, 
assume that alpha of each transistor is 



equal to .95. The input current to tran- 
sistor Ql is designated Ig, If only Ql were 
used the output current (Ic) would be .95 
times Ig. 

5-54. However, the collector current of Ql 
and Q2 add together in the compound-con- 
nected circuit. Collector current o( Ql (Iq) 
is equal to .95 of Ig (input). The base cur- 
rent of Ql <Xb) equals the emitter current 
less the collector current, or .05 of Ig. 
Since the base current of Ql is the emitter 
input current of Q2, the collector current of 
Q2 is obtained by multipl3ring alpha (.95) 
times the emitter current of 02 C05). This 
gives a value of Iqj ^ .0475. The total 
current through Rl (output current) is equal 
to the sum of the collector currents of QX 
and Q2. So 1^1 plus equals .95 plus 
.0475 or .9975. This represents an alpha of 
.9975. 

5-55. Ihetwo compoun<tconnectedtransistors 
(ttgure 5-18) can t}e considered as a single 
unit having an emitter (point A), a collector 
(point C) and a base (point B). The ratio of 
output current (Ic^ *o input current Ig is 
.9975. This is the forward current transfer 
ratio for the compound connection, and it 
represents an increase from a single unit 
which has an alpha .95. 

5*56. Compound-connected transistors in a 
circuit of any configuration can, therefore, 
be considered as a single unit with a high 
forward current transfer ratio. 

5-57. Troubleshooting a Push-Pull Amplifier 

5-58. Figure 5-19 shows a push-pull ampli- 
fier. HI and R2 form a voltage divider to 




figure 5-19. Push-Pull Amplifier 
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provide forward bias to the base of Ql 
and Q2. CI prevents degeneration of the input 
AC signal. If the primary of Tl were to open, 
there would be no input sjgnal coupled to 
the base of either transistor. Since the 
DC current paths and bias network have not 
been affected^ all DC voltages would be nor- 
mal, but there will be no output signal. The 
same symptoms are present when the pri- 
mary of Tl is shorted. If either the top or 
bottom half of the secondary of Tl is open, 
no signal will be coupledtothe corresponding 
transistor. For example, assume the top of 
Tl secondary opens. 

There will t>e no signal present on the base 
of Ql. Also, since the base current path for 
Ql is broken, Ql will be cut off. Q2 will 
still have approximately normal vdtagesand 
signals and will amplify. Since only one tran- 
sistor can amplify, tliOu?h, the output signal 
will t>e smaller than norn. =il (weak) and may 
t>e distorted. The base voltage of Ql will be 
zero, and collector vdtage will be Vcc. 
Similar symptoms occur when the bottom of 
Tl secondary tap lead open, except Q2 is 
cutoff. Should the center tap lead open, 
fonvard bias for both Ql and Q2 is removed 
which will cut Ql and Q2 off, and no output 
signal will t>e produced, 

5-59, If Rl is shorted, there will be no 
forward bias voltage except from the input 
signal. This results in class B operation and 
will produce crossover distortioninthe output 
signal. With no input signal applied, both 
transistors will be cut off {V^. = Vcc). 
Should Rl open, the bias voltage will increase 
(less voltage drop across R2.) The DC col- 
lector voltage will be lower than normal, 
and the output may be distorted due to non- 
linear OQe ration (nea r saturation) cf 01 and Q2. 



Capacitor Cj places the centeivtap of Tl at 
AC ground, preventing any of the input signal 
from being lost across Rt. If Ct opens, 
some of the input signal will be developed 
across Rl, reducing the amount of signal felt 
across the base-emitter junctions of Ql and 
Q2. Therefore, the output signal will be 
smaUer than normal, but the DC voltages 
will remain normal. Shorting CI wi)l produce 
the same symptoms as a shorted Rl. Should 
bias resistor B2 open, Qi and Q2 would 
operate with 2ero bias voltage, resulting ir. 
dass B operation. The symptoms will be the 
same as with Rl shorted. Shorting R2 wiU 
place Vcc on each base lead, and the exces<- 
sive bias will either blow the fuse on the 
power supply, destroy the transistors, or both. 
If the wiper arm of R3 is open, the emitter 
current path for both transistors is broken. 
Therefore Ql and Q2 are cut off and no 
output signal will t>e developed. Collector 
voltages will each t>e Vcc; base voltages 
will be slightly higher than normal. Shorting 
R3 will tie both emitters directly to ground, 
if th. transistors are not closely matched, 
some distortion may occur in the output 
signal. With the center-tap of the primary to 
T2 open, there will be no collector voltage 
on either Ql and Q2, and no output signal 
wUl be developed. If either half of T2's 
primary is open^ there will be no collector 
voltage on the corresponding transistor. 
The output signal will t>e weak since only 
one transistor will amplify. If the secondary 
of T2 openst the amplifiers will function 
normally, but no output signal will be 
developed in the secondary winding. There 
will be no output signal, and the signals 
present in the collector circuits may be 
weak and distorted due to the overload. 
This may also damage components in the 
amplifier. 
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Chapter 6 



NARROW BAND AMPLIFIERS 



Before entering into a detalledanalysls 
of narrow band amplifiers, let's discuss the 
schematic diagram and general operation of 
typical RF amplifiers. Figure 6-1 illustrates 
the schematic diagram of a transistor RF 
amplifier. 

6-2, The amplifier uses PNP transistor 
Ql in the common emitter configuration. 
The primary of transformer Tl forms a 
parallel resonant (tank) circuit with CI. 
Observe that the tank circuit is between the 
antenna and ground. Only voltages at or near 
the tank's resonant frequency, however, will 
induce high current in the Tl primary 
winding* The selected frequency is calledthe 
''signal/' The signal in the primary induces 
a voltage in the secondary of Tl, which is 
applied to the base of transistor Ql. This 
causes Ql's collector current to vary in 
accordance with the applied signal. The ampli- 
fied signal is developed across the col- 
lector tank circuit, made up of C4 and the 
T2 primary. 

6-3, The DC operating point of Ql is 
established by the voltage divider Rl and R2. 
Resistors Rl and R3 pro^^de stabUi^atlon, 
and C3 prevents degeneration by placing the 
enutter at AC ground. C2 and C5 act as 



"decoupling" capacitors to isolate the RF 
signal from the power supply Vqq, R4 is a 
voltage dropping resistor, used to supply the 
proper collector voltage toQI. The Antenna 
and the collector tank circuits are tuned to 
resonate at the same frequency to improve 
selectivity. Selectivity is the ability of a 
circiiit to select oi^ frequency or band of 
frequencies and reject all others* "Hie output 
of RF amplifier stage Ql is transformer 
coupled through T2 to the next stage* 

6^4* A single stage is seldom sufficient 
to provide the required RF amplification* 
Usually, two or more RF stages are con- 
nected in cascade, and the resultant band- 
width is narrower than that of a single stage* 

6-5. The following discussion explains the 
reason for this effect. To simplify the explana-^ 
tion, let's assume that the amplifiers have 
an ampli&cation factor of one. Figure 6**2 
is a block diagram of two cascaded RF 
amplifiers. Notice that the two amplifiers 
require three tuned circuits, Tl, T2, and 
T3. "Hie capacitors of the tuned circuits are 
ganged (connected on a common shaft) to 
permit adjustment of the three circuits at 
the same time to the same resonant 
frequency. 
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Figure 6-L Transistor RF Amplifier 
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HF i^tnplifiers 



6-6. Suppose three frequencies of equal 
amplitude are applied to the antenna input. 
The RF amplifier is tuned to the center 
frequency, Fo, The other vo frequencies, 
Fy and Fx, appear equidis^.ant below and 
above the resonant frequency. See figure 6-3. 

6-7, Figure 6-3 shows the response curves 
produced by cascading tuned circuits. Curve 
1 represents the response of the first AF 
amplifier stage, including the flrstand second 
tuned circuit. Curve 3 is the response of the 
two HF amplifiers in cascade, including the 
three tuned circuits. The maximum voltage 
developed across the tuned circuits at the 
resonant frequency is taken as 100% for 
purpose of reference. The frequencies Fy 
and Fx coincide with the half-power pointsof 
the first tuned circuits (Curve 1). 

6-8. If the maximum voltage developed 
across the first tuned circuit is 1^ volts the 
voltage developed by Fy and Fx at the half- 
power points will be equal to .707 x 10 « 
7.07 volts. The bandwidth of the first tuned 
circuit is shown as BWi in figure 6-3. 
The three frequencies (Fo, Fy, and Fx) 
feed through the first RF amplifier and are 
applied to the second tuned circuit. Recall 
the amplification factor is 1, so the signals 
pass through the amplifier with no ampli- 
fication. Since the tuned circuits are identi* 
cal, the resonant frequency Fo will be 10 
volts out of the second tuned circuit; 100% x 
10 volts = 1 X 10 = 10 volts. 



Figure 6-3. Response Curves for Cascaded- 
Tuned Circuits 

6-9. The voltage developed by Fy and Fx 
across the second tuned circuit at the half 
power points, will be .707 x 7.07 = 5 volts, 
Curvt 2 (figure 6-3) for 1st and 2nd tuned 
circuits in cascade shows the gain at ^ 
and Fx to be down to 50% of maximum. 
The separation between the half-powerpoints 
of Curve 2 is less than Curve 1. 

6-10. BW2 shows that the bandwidth for two 
tuned circuits is less than for a single 
tuned circuit. 

6-11, A similar action occurs with the third 
tuned circuit. The amplitude of Fy and Fx 
across the third tuned circuit will be .707 x 
5 • 3.54 volts. Curve 3 (figure 6-3) indicates 
that passing Fy and Fx through ^ree tuned 
circuits has reduced their amplitudes until 
they are now ordy 35,4% of the maximum 
value. The 70.7% points of curve 3 have 
moved even closer to Fo making bandwidth 
BW3 as shown. Notice that the bandwidth 
decreases with the addition of each stage 
containing a tuned circtiit. 

6-12. You can see that it is necessary to have 
the bandwidth of each individual circuitwider 
than the required overall bandwidth of the 
receiver. Figure 6-3 also indicates that 
adding stage s containing tuned ci rcuits 



6-2 

113 




Figure 6-4. Transistor RF Amplifier 



increases the slope of the response curve^ 
thereby increasing the selectivity of the 
receiver. 

6-13. Noise voltages having the same fre* 
quencies as the desired signal will be ampli-^ 
£ied« Thus^ the amplitude of the desired 
signal voltage induced in the antenna must be 
large in relation to the amplitude of any 
noise present with in the bandwidth. Noise 
voltage whose frequencies do not lie ^thin 
the bandwidth (or bandpass) of the receiver 
can be ignored* Noise voltages can be mini- 
mized by decreasing the bandwidth. This 
results in an Increasedsignal-to-noise ratio* 

6-14. Trouble Shooting Solid State Narrow- 
Band Amplifier 

6-15. Troubleshootingnarrowbandamplifiers 
is no different than troubleshooting the 
common audio amplifiers previously dls-^ 
cussed. The important thing is to know the 
purpose of the components and how they are 
arranged in relation to the DC and AC 
sources. Use figure 6-4 for our discussion 
on troubleshooting. 

6-16. Notice in figure 6-4 that many of the 
circuit components are inherent toallampli** 
fier circuits and consequently theirsymptoms 
of malfunction will also be the same. 



6-17. Since youhavealreadystudiedtrouble^ 
shooting techniques and symptoms of mal^ 
function for the most common components 
found in audio circuits^ such as DC bias 
resistors^ emitter sv^mplng resistor^ col^ 
lector load resistor and AC by«pass capaci^ 
tors, we wlU limit our troubleshooting dis-^ 
cusBion to those components which ^re unique 
to the narrow band or RF amplifiers, the 
tuned circuits. 

6-18. You recall ttiat by cascading tuned 
amplifiers, the overall bandwidth would de- 
crease, selectivity wouldincrease, gain would 
increase and the signal-to-noise ratio would 
improve. These relationships were shown in 
figure 6-3 for a cascaded circuit containing 
2 amplifiers and 3 tuned circuits. 

6-19. To simplify the troubleshooting of 
narrow^band amplifiers we will use only 
2 tuned tanks and I ampli^er as shown in 
figure 6-4. The response curves for figure 
6-4 would appear like those in figure 6^3. 

6-20. As we discuss various component mal- 
functions inthenarrow^bandamplifier circuit 
(Figure 6-4), keep in mind the relationship 
of 6W, selectivity, gain and signal^to-noise 
ratio. 

6-21. Malfunction: CI open. 

symptoms: Output signal amplitude lower 
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than normal; bandwidth increased; signal-to- 
noise ratio decreased (more noise); bias 
voltage normal; collector voltage (Vc}normal; 
resonant frequency (fo) of 1st tank circuit 
higher than normal. Reason for symptoms: 
With one tuned circuit malfunctioning^ total 
''Q" decreases^ selectivity decreases; con- 
sequently, atx)ve symptoms will occur. 
Capacitance of the 1st tank circuit has de- 
creased^ therefore the resonant frequency 
(fo) increases. 

6-22. Malfunction: Primary Tl open. 
Symptom; No output signal; bias voltage nor- 
mal, collector voltage (Vc) normal. 
Reason for symptoms: Input signal is not 
coupled across Tl. Opening primary of Tl 
does not affect normal direct current (DC) 
path for Ql. 

6-23, Malfunction: C4 Ope: 
Symptoms: Oitput signal r.niplitiide lower 
than normal (gain decreased); bandwidth 
increased; signal to noise ratio decreased 
(more noise); resonance frequency of output 
tank circuit is higher than normal. 
Reason for symptoms: Total circuit "Q" 
is decreased which causes symptoms above. 

6-24. Malfunction: Primary of T2 open 
Symptoms: No output signal; collector volt- 
age (Vc) of "Ql" is zero; Ql will not 
ampli^. 

Reason for symptoms: DC path through col- 
lector is open; therefore, amplifier goes 
dead and no signal can be develo|)ed across 
open collector tank circuit. 

6-25. Malfunction: CI or Primary of Tt 
shorted. 

Symptoms: No output signal^ bias and col- 
lector voltage normal. 

Reason for symptoms: All incoming signals 
shorted out; DC path through Ql is not 
affected so bias and collector voltage should 
be normal. 

6-26. Malfunction; C4 or Primary of T2 
sho rted. 

Symptoms: No output signal at secondary of 
T2; slight increase in DC voltage in the 
collector circuit. 

Re ason for symptoms : Oitput coupling is 



shorted out; slight increase in Ic caused by 
the elimination of the small DC resistance 
of the primary winding of T2. 

6-27. Malfunction. Secondary ot Tl shorted* 
Symptoms: No output signal; forward bias 
of Ql increases slightly; Vc decreases 
sUghtly. 

Reason for symptoms: By shorting secondary 
of Tl^ no signal can t>e coupled to Ql for 
amplification. With a short across the small 
DC resistance of the secondary windings^ the 
forward bias current wouldincrease slightly, 
hence Vc would decrease, 

6-28. Malfunction: Secondary of T2 shorted* 
Symptoms: No output signal; bias and col- 
lector voltages normal. 
Reason for symptoms: Oitput signal shorted 
out; normal DC functions in base and col- 
lector of Ql isolated by transformer and, for 
all practical purposes, they would not be 
affected* 

6-29, We have seen some of the theoretical 
symptoms that would occur for certain mal- 
functions within the narrow-band amplifier 
circuit, particular .y the tank components. The 
components not covered in this trouble- 
shooting section, but which were a part of 
the circuitinfigure6-4,are normally common 
to all amplifiers. Refer to previous trouble- 
shooting on audio amplifiers for a review of 
the common components and their symptoms 
of malfunction. 

6-30, In summary, narrow band amplifiers 
use resonant circuits which establish the 
selectivity and sensitivity of the system. 
Coupling circuits include resonanttanks which 
provide a high Q and impedance matching 
characteristics. 

6-31. Transformers 

6-32. The characteristics and physical con- 
struction of transformers used as coupling 
devices at high frequencies are quite dif- 
ferent from those used in audio frequencies. 
The primary or the secondary (and in some 
cases both) windings of RF transformers 
are tank circuits tuned to a specific resonant 
frequency. 
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Figure 6-5. rf Transformer-Impedance 
Matching 

6-33, For reasons of selectivity and sensi- 
tivity, it is desirable for the tuned circuits 
to have a relatively high Q. Sensitivity is the 
ability of an amplifier to detect and amplify 
small or weak signaJs. Recall thatincreasing 
decreasing R increases the 
Q, The core material of a transformer is one 
of the factors having a pronounced affect on 
the inductance. Increasingthe permeability of 
the core material increases the inductance of 
the coil. Using a powdered iron core increases 
the permeability, and the required amount of 
inductance can be obtained with relatively 
few turns of wire. This leads to a small 
size transformer — with lo-jv stray winding 
capacitance and high Q. 

6-34. Miniature RF transformers are con- 
structed so that a powdered iron core may 
be moved in and out of the area enclosed 
by the windings. This variesthepermeability 
of the core, thereto varying the inductance. 
When a transformer is permeability-tuned, 
the capacitance of the tank is usually fixed 
in value. Some Rv transformers, however, 
have both capacitive and permeability tuning, 
as shown in figure 6-4. 

6-35. The Q of a transformer with no 
external load connected is called the '^in- 
loaded" Q. When used as an interstage 
coupling device, the primary of the trans- 
former is shunted by the input resistance 
(HI) of the following stage. This is illus- 
trated in figure 6-5. TheQof the transformer 
with Ro and Ri connected is called the 
^'loaded" Q. When "loaded," Q becomes 
R 

Q a X (where R is the load impedance). 

Li 

As R decreases (load increases), Q decreases. 



As Q decrease^?, bandwidth increases. If is 
obvious theni ttiat changes in the lo;>j on a 
narrow band amplifier causes the band- 
width to change. If the load increases (R 
decreases), Q decreases and bandwidth in* 
creases. The opposite is also true;if the load 
decreases, Q increases and bandwidth 
decreases. 

3-36. One of the functions of an interstage 
transformer is to match the large output 
resistance Ro of one stage to the low input 
resistance Hi of the next stage. This can be 
accomplished by selecting the proper turns 
ratio for the transformer primary (Li> 
to ihe transformer secondary (Ls). As an 
example, consider the following; Assume that 
the output resistance (Ro) is 40 K ohms and 
the input resistance (Hi) is 2 k ohms, use 
the formula: 

s V s 

With Ro and Hi as the impedance values: 




= 4.47 



'Hius, in order to match the impedance of the 
two transistors and thereto achieve a maxi- 
mum transfer of power, atransformer having 
a turns ratio of 4.47:1 is used for this case. 

6-37. Another method of interstage coupling 
uses the tapped primary winding of a trans- 
former. Since the selectivity of a circuit is 
primarily a function of circuit Q, a highly 
selective circuit requires a high Q. Q is a 
dl rect ^inctlon of the inductive reactance and» 
therefore, the inductance present in the cir- 
cuit. Thus, if the primary inductance (Lp) 
of an RF transformer can be increased 
without affecting the required turns ratio, 
the Q (and the selectivity) of the circuit can 
be improved. To maintain the original turns 
ratio and impedance of the winding, 
the number of turns in parallel with the 
transistor's coUectormust remain unchanged. 
This is accomplished i3y tapping the winding 
as shown in figure 6-^6. 
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Figure 6-6, Tapped Primary Transformer 
Coupling 

6-38. If all the magnetic lines of Lp^ cut 
Lp2* Inductance of tbe primary is 

actually four times the Inductance of Lp^ 
alone. (Note; the computations use the fol- 
lowing formulas: Lt « LI + L2 + 2M, where 
M ^ K jLl * L2. 

6-39. In order to mai^^tain the original 
operating frequency the LC pnxhict must 
remain unchanged. Because the total 
inductance of the primary hasbeenlncreased 
to a value four times the original^ then the 
total capacitance of the primary (C^) must 
be decreased to one fourth of Its previous 
value. 

6-40. Inductive coupling from the output of 
one transistor to the liqput of another can be 
accomplished with an autotransformer as 
shown in figure 6-7. The operation of these 
circuits is the same as for the circuit using 
a transformer with separated primary and 



secondary windings. Capacitance Q (figure 
6-7A} Includes the output capacitance of Q) 
and the shunt capacitance of the circuit. 
The tap at terminal 2 is positioned to pro-- 
vide Impedance matching between the tran^ 
slstors. 

6-41. If the Inductance between terminals 
I and 3 (figure 6-7 A) is too small to achieve 
a high' Q for itelectlvlty^ the total primary 
Inductance can be Incresed many times by 
using the arrangement shown in figure 6-7B. 

6-42. Another common Interstage coupling 
arrangement is shown in figure 6--8. Capaci- 
tance coupling using split capacitors is also 
referred to as "Pi network*" Matching the 
output Impedance of Ql to the input of Q2 
IS achieved by selecting the proper ratio of 
CI and C2 (figure 6-8). C2 is normally 
larger than capacitor Cl^ which means the 
reactance of C2 is less than the reactance 
of CI. If the inductance of Ll (Eigure 6-8A) 
is too small to obtain ahlgbQfor selectivity^ 
the circuit shown in part B of the figure 
can ' e used- The capacitance can be de- 
creased by a given fkctor to obtain the same 
resonant frequency. 

6-43. In some applications a single-tuned 
stage will not meet the bandwidth require- 
ment. Some applications may require awider 
t>andwidth. Tliis requirement can be satisfied 
by the use of a double-tuned transformer. 
Double tuning refers to an interstage trans- 
former in which both the primary and the 
secondary contain tunable resonant circuits. 
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Figure 6-7. Autotransformer Cbupling 
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Figure 6-8. Capacitance Coupling Using Split 
Capacitors 
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Figure 6-9. Double Timed Transformer Equivalent Qrcuit 



6-44. The bant^ass characteristics of a 
double-tuned transformer are affected by the 
coefficient of coupling (K) between the pri- 
mary and the secondary windings^ the Q of 
the circuits^ and the mutual inductance. 

6-45. Althoughproblemslnvolvinginductively- 
coupled circuits are very complex^ they may 
be simpliAed If the following assumptions 
are mader (Refer to figure 6-9). 

6-46. When a secondary circuit containing an 
impedance (Z3) is coupled to a primary 
circuity the effect is the same as if an 
equivalent impedance (Z^.)* is referred to as 
the coupled impedance* is connectedln series 
with the primary. 

6->47. The secondary voltage (£5) lags the 
primary current (Ip) by 90 degrees. The 
current (I3) is that value of current that 
would flow in the secondary if the primary 
were removed and the induced voltage {E3) 
applied in series with the secondary coil. 



sign. This means that when Z^. is reflected 

back into the primary* capacitive reactance 

in the secondary will appear as inductive 

reactance in the primary. If the secondary 

exhibits inductive reactance* it will appear 

to the primary as capacitive reactance. The 

total impedance of the primary will be the 

vector sum of the coupled impedance Z^ 

and the impedance of the primary circuit 

Z^* considered by itself. 
P 

6-50. In a double-tuned transformer-coupled 
stage* the bandwidth characteristics depend 
(In part) on the amount of coupling. This 
can be shown by the use of the response 
curves in figure 6-10. The windings are first 
moved far enough apart so that very little 
coupling takes place (low value of K.) This 
condition is called "loose" coupling. With 
loose coupling* there is very little transfer 
of energy between the primary voltage and 
(E3) is small because not all of the primary 
flux cuts the secondary to induce voltage. 



6-46. Applied voltage (E^) and Internal 
resistance ^Hi) represent the voltage and 
resistance of the amplifier. I^EQ is the 
series equivalent resistance of the primary 
circuit. Assume* for purposes of explanation* 
the Q of the primary and secondary circuits 
to be identical; both circuits are tuned to the 
Same resonant frequency; and the amount of 
coupling between the circuits is variable (by 
physically movii^ the coils). Assume also 
that the Q of both circuits is held constant 
for all values of coupling. 

e-49. The coupled initpedance (Z^) has the 
same phase angle as Z^ but isofthe opposite 
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Figure 6-10. Double Tuned Transformer 
Response Curves 
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When K is small^ the value of mutual induct* 
ance (M) is small. Due to the small amount 
of (M), the two circuits behave essentially 
as if they were separate tuned circuits. Except 
for the slope of the sides being slightly 
steeper^ the response curve for loose coupling 
Is the Same as for a single tuned circuit* 



6-51, As the coupling is increased (the cir- 
cuits are moved closer together)^ the value 
of mutual inductance increases. This 
increases the amount of voltage induced in 
the secondary winding. The coupledimpedance 
is also increasing and^ due to its effect on 
the primary current^ the response curve 
becomes wider. Thus^ bandwidth increases, 

6*52, As the coupling is further increased^ 
2(,, which is resistive at the resonant fre- 
quencYi continues to increase. Eventually a 
value of coupling is re.tched where Zq 
equals the equivalent resistance of the pri* 
mary {RpEQ, figure 6-9)* This condition is 
called critical" coupling. At this pointy 
the reflected resistance matchestheprimary 
resistance. There is a maximum transfer of 
energy between the circuits, Thus^ the induced 
secondary voltage is at its marKimum value 
as shown in figure 6-10, 

6*53, When coupling is increased beyond the 
critical value, the primary current at 
resonance begins to decrease* Thisiscaused 
by the increase of the coupled impedance 
(reactances no longer cancel). The decrease 
in induced voltage is indicated by the dip in 
the response curve at F^, Keep in mind 
that if the secondary circuit is inductive 
the reflected impedance coupled into the pri* 
mary will be capacitive. Also, in a sin^e* 
tuned circuit, the primary current begins to 
decrease at frequencies slightly above and 
below resonance. However, a different situa* 
tion exists in a double*tuned circuit* At 
frequencies above resonance, the coupled 
impedance (Zq) becomes capacitive and will 
cancel a portion of the primary inductance* 
This will , in effect, tune the circuit to a 
slightly higher frequency, or extend the 
resonant condition of the circuit slightly 
beyond Fq, A slimlar action takes place 
below re sonance, whe re the coupled 



impedance appears inductive and adds to the 
primary inductance. This action extends the 
condition of resonance slightly below Fq* 
In any case, the result causes the primary 
current to remain high within the bandwidth. 
This is shown by the flat top of the ' optimum 
coupling" response curve, 

6*54, A continued Increase in coupling will 
result in reduction of the gain at resonance 
and a fUrtherincrease inthc distance between 
the two resonant peaks (above and below Fq)* 
The circuits are now said to be "over 
coupled." The overall response of the stage 
will take on the appearance of the double- 
humped curve in figure 6-10, 

6-55* Feedback in Amplifiers 

6-56. Feedback is defined as transferring 
energy from a high-level point back to a 
low-level point in a system* In other words, 
if the signal on the collector (high-level 
point) of a common-emitter amplifier is 
returned to the base (low-level point) it is 
callea ''feedback," In some cases, feedback 
is within the amplifier itself and in other 
cases feedback uses external circuitry, 

6-57* There are two types of feedback: 
regenerative and degenerative* Regenerative 
feedback aids the input signal. Degenerative 
feedback, on the other hand, opposes the 
input signal. The principle of feedback canbe 
illustrated by the block diagram in figure 
6-11, 
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Figure 6-11, Feedback 
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6«5fi. An input signal (e|) is fed to an ampli-^ 
fler whose output signal is Cq. A portion 
of the output voltage (B^o* where B is the 
percent) is fed back to the input by means of 
the feedback network. The actual input voltage 
to the transistor (eb) is the sum of the signal 
voltage (e^) andthe feedback voltage (B^^^). 

6-59. The formula for gain is A^^j = — , 

where Ap^ is the voltage gain of the ampli* 
fier with feedback^ A is the voltage gain 
without feedback^ and B is the percent of 
the output signal that is fed back« The de- 
nominator is 1-^5A for regenerative feed-^ 
back 3nd for degenerative feedback the de-^ 
nominator is 1 + BA. If the amount of 
feedback is 5% and A =: 10, solve to find 
that the gain with regenerative feedback is 
20 and the gain with degenerative feedback 
is 6.6. 

6^60. Regenerative feedback is used when a 
higher gain is required* However, this will 
reduce bandwidth and increase distortion. 
With a higher gain, it is easier for the 
amplifier to reach the operational limits 
(cutoff and saturation): Another consideration 
is the stability of the amplifier. When the 
regenerative feedt>ackislarge enough tomake 
the denominator of the formula equal to 
zero (example: If B => 10% and A = 10. 

A 10 _ J£ 

^Fb"" 1 ^ BA " 1 - (10% 10) "1 -l"" 

~ ), the circultbecomesextremelyunstatle 

and oscillates or generates its own signal. 
Some circuits operate on this principle but* 
for an BF amplifier, this is undesirable. 

6-61. As we know, the transistor is not a 
one-way device, it conducts in twodirections. 
Feedback takes place within the transistor 
through inte rnal resistance and inte rnal capa- 
citance. Because tuned circuits are used in 
BF amplifiers* the effects of regenerative 
feedback must be eliminated* The means by 
which ^ circuit is made to transfer energy 
in only one direction is '*unUateralization." 
Both the resistive and capacitive feedbadc 
must be cancelled in order to unUaterlze 
a transistor amplifier. 
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Figure 6-12. Feedback Through a 
Transistor Amplifier 

6-62. A simplified drawing of an BF ampli- 
fier is shown in figure 6*12. The dotted 
components (rf and cf) representthe internal 
resistance and capacitance between the base 
and collector of Ql. Besonant coupling cir- 
cuits are used in the input and output 
Since parallel resonant circuits act inductively 
below resonance, they are shown as LI and 
L2. Due to the reactances of Ll» Cf, and L2, 
ttie following situation may occur: 

The signal on the collector experiences a 
shift (L2 causes E to lead). The current 
fed back through Cf has a phase shift 
(C causes I to lead), and the feedback 
voltage developed across LI has a phase 
shift (Ll causes E to lead.) 
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Figure 6-13. Unilateral! zed Tuned Amplifier 
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Figure 6-14. Two-Stage RF Ampimer 



6-63. The feedback voltage from the col- 
lector can experience a 180* phase £rtUft 
which, when adtted to the amplifier's inver- 
sion (180*), appears onthehaseasregenera* 
tive feedback. The amplifier now becoraes 
unstable and may begin to oscillate. 

6-64. Many ways have been devised to 
"unilateraUze" transistor unpiifiers. This 
operation provides degenerative feedback to 
cancel the effects of regenerative feedback. 
Figure 6-13 shows a uailaterilized circxiit 
consisting of two components, and C^. 
The values of and are so chosen 
that a signal of proper amplitude and phase 
will cancel the feedback through RfandCf. 

6-65, In the schematic diagram of a two- 
stage cascaded RF amplifier in figure 6-14, 
notice capacitors C14 and C15. These capaci- 
tors are "neutralizing" capacitors and will 
compensate for the reactive feedback in the 
transistors* Since hlgh-Q tuned circuits are 



used^ some of the collector signal could 
pass through the Interelement capacitance 
and produce regeneratioa, This causes circuit 
instability. 

6-66. To compensate for this^ a degenera- 
tive feedback network is used. C14, con- 
nected between the secondary of T2 and the 
base of Ql, feeds a small portion of the 
signal to the base of Ql. This signal will 
be opposite in phase to the signal that feeds 
intertially from the collector to the base 
of Ql. If these two feedback signals are equal 
in amplitude and opposite In phase, they will 
cancel each other. The circut is now 
neutralized. The same actiontakes place with 
C15 neutralizing transistor Q2, 

6-67, Another method of obtaining degenera- 
tive feedback is to use anunlvpassedemltter 
resistor. With the emitter resistor 
unbypassed^ the signal in theemitteropposes 
the signal and reduces the gain of the amplifier* 
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Chapter 7 



WIDE BAND AMPLIFIERS 



7*1. A very Important factor In certain 
applications of an ampliQring device is its 
ability to amplify a nonsinusoidal signal. 
A nonsinusoidal signal is one that does 
not vary at a sine wave rate. Nonsinusoidal 
signals, such as the sawtooth in oscillo- 
scope sweep circuits, consist of ^ funda- 
mental frequency with a large number of 
harmonics. To provide an output signal that 
is an exact reproduction of the input, the 
amplifying device must amplify the iUnda- 
mental ^nd all of the harmonic components 
equally. This type of amplifying device is 
referred to as awide-bandorvideo amplifier. 

7-2. Square Wave Characteristics 

7-3. To understand the need and purpose 
of a wide band amplifier, we must identify 
the composition of anonsinusoidalwave. Let's 
use the square wave as a typical example. 
By definition, a square wave is a periodic 
wave which alternately assumes one of two 
fixed values, one positive and the other 
negative. The positive alternation has the 
same time duration as the negative alternation. 
One cycle of a square wave is composed of 
a negative alternation and a positive alter- 



nation. A perfect square wave has vertical 
sides and both the top and bottom are flat 
horizontal lines. 

7-4. The sides of the square wave are 
fast changes from one value to another so 
they represent the high frequency components 
of a square wave. The flat tops and bottoms 
of a square wave have no variation (or a 
slow change) so they represent the low 
frequency components. Refer to igure 7-1. 

7-5. A square wave is composed of a iUnda- 
mental frequency and an infinite number ot 
odd harmonics, in specific phase and ampli- 
tude relationships. To illustrate the fre* 
quency composition of a square wave, refer 
to figure 7-2. 

7-6. One cycle of the iUndamental frequency 
of a sine wave occurs in the same time 
period as one cycle of the square wave. 
They have the same frequency* Tlie funda- 
mental frequency of the square wave can be 
determined by substituting the time of one 
cycle in the formula f = The fundamental 
(sine wave) frequency is represented Inflgure 
7-2B. The third harmonic is 3 times the 
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Figure 7-1. Square Wave 
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Figure 7-2. Frequency Components of a 
Square Wave 

fundamental frequency (figure 7-2C). By com- 
bining the fundamental frequency with the 
third harmonic, a resultant wave is derived 
(figure 7-2D). Notice that the leading edge 
of F and 3F are both going positive so they 
add* In the middle of the first alternation 
of the square wave^ f is positive and 3f 
is negative so they subtract On the second 
alternation^ the same results are obtained 
except the polarity of f and 3f is reversed* 
Observe that the resultant wave (f + 3^ 
figure 7-2D) is beginning to look similar to 
a square waive. 

7-7. The next odd harmonic^ which is the 
5th harmonic of f^ is shown in figure 7-2E. 
When the 5th harmonic is added to the 



waveform of figure 7-2D^ the resultant wave 
is shown in figure 7-2F. The resultant wave 
closely resembles a square wave. If this 
process is continued to infinity (that is^ 
adding an iniinite number of odd harmonics)^ 
the waveform becomes that of figure 7-2G^ 
and we are back to the waveform made up of 
a very wide band of frequencies, ifthe square 
wave is to be amplified^ the amplifier niust 
be able to amplif^allof the frequencies 
equally. 

7-8. Another consideration of the square 
wave is the amplitude and phase of the 
harmonics. To have a perfect square wave^ 
the amplitudes of the harmonics must have 
the following relationships: 3rdharmonic^ one 
third of the fundamental; 5thharmoniC| one 
fifth of the fundamental; and 7th harmonic^ 
one seventh at the fundamental; etc. Further^ 
-the-"fundamentaHt-and^-alMlie harffi5iUcsmust 
be in phase when the fundamental goes through 
zero. This is shown in figure 7-2^ parts 
and E. When the fundamental frequency 
passes through zero and goes in a positive 
direct on^ all harmonics pass through zero 
and go in a positive direction* As long as 
the amplitude and phase relationships are 
maintained^ the result is a square wave. 



7-9. Wide Band amplifier Characteristics. 

7-10. Two frequency response limitations 
must be overcome before a narrow band 
amplifier can be used for wide-band ampli- 
fication* figure 7-3 shows the limiting 
factors of an audio amplifier. The high- 
frequency response is limited by and C^. 
Cq represents the stray capacitance and the 
output capacitance of Ql^ and represents 
the it^t capacitance of Q2. Since the react* 
ances of and decrease as the frequency 
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Figure 7-3. RC Coupled Amplfler Showing 
C^pacitive Effect at High Frequencies 
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By making small, the half power point 
move farthe r apart and the bandwidth is wide r. 
Of course, this method of widening the 
bandwidth sacrifices gain but making the 
load resistor smaller extends the high and 
low end of the response curve. 
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Figure 7-4. HC Coupled Amplifier and 
Response Curves 

Increases, the gain falls off as the frequency 
increases. The low-frequency response is 
limited by the coupling capacitor Cq. The 
reactance of Cq increases as frequency 
decreases, thereby reducing the gain for the 
low frequencies. The following discussion 
presents some of the methods used to in- 
crease bandwidth. 

7-11. The frequency range of a video ampli- 
fier (typical wide-band amplifier) is from a 
few hertz to several megahertz. To be more 
specific, let's we need a television 

video amplifier with a bandpass from 10 
hertz to 4 megahertz. This is a typical 
range for a television video amplifier. One 
means of obtaining a wide bandwidth for a 
video amplifier is to use a small load 
resistor. Figure 7-4A shows a simplU&ed 
schematic and figure 7-'4B shows the fre* 
quency response when the load resistor (Rl) 
is large and small. With a large A^, the 
gain of the ampli&er is large and the half 
power points (.707) are closer together. 



7-12. Two other methods used to extend the 
high frequency portion of the response curve 
(to 4 megahertz In our example) fail under 
the broad heading of high frequency compen- 
sation. The two methods are called shunt 
and series compensation, the names being 
derived by the component location in the 
circuit. Figure 7-5A shows a simplified 
schematic using shunt compensation. 

7-13. For shunt compensation, inductor LI is 
added in shunt with the output capacitance of 
Ql (Cq) and the input capacitance of Q2 
(Cj). Inductor LI is connected in series with 
the load resistor, RL. At the high frequency 
end of the response curve, the reactances 
of and C| are very low. This reduces 
the impedance and causes the frequency 
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Figure 7-5. Mde-Band Amplifier High 
Frequency Compensation 
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Figure 7-6. Wide-Band Amplifier, Low 
Frequency Compensation 

response to fall off. LI will form ^ parallel 
resonant circuit with and C| at a fre- 
quei.oy near th€ upper end of the response 
curve. One characterist: of a parallel tank 
at resonance is a high impr d^:cR. Ihe addi- 
tion of LI thus raises the impedance of the 
circuit so that the gain does not fall off 
at the high frequency end. The Qof the circuit 
is relatively low (HL in series with LI), 
so the tank circuitwllhaveabroadresponse. 
By proper selection of the component sizes, 
the response can be made to go beyond 4 
megahertz. Because LI is in shunt (parallel) 
with the signal path, this is called shunt 
compensation* LI is also called a shunt 
peaking coil. 

7-14. Series compensation is shown infigure 
7-5B. Inductor L2 is added in series with 
the input capacitance of Q2. The inductor 
may be connected on either side of coupling 
capacitor Cq. Inductor L2 and capacitance 
form a series resonant circuit at a 
frequency near the high end of the response 
curve. (C^ is a short at high frequencies). 
Characteristics of a series resonant tank 
circut are low impedance and high current, 
with maximum voltage across C|. Tills com* 
pensates for the reduced high frequency gain. 
Again, if the proper size components are 
selected, the response of the video amplifier 
can be extended to 4 megahertz or more. 
Since L2 is in series with the signal path, 
it is called series compensation* L2 is also 
called a series peaking coil. 



7-15. There are times when shunt and series 
compensation circuits are used at the same 
time. Figure 7-5C illustrates both a shunt 
peaking coil (Ll) and a series peaking coil 
(L2), The discussions on shunt compensatiGn 
and series compensation apply to this circuit 

7-16, Low Frequency Compensation 

7*17. On the low frequency end of the 
frequency response curve, the input and out- 
put capacitances of the transistors have no 
effect. The low frequency response is limited 
by the coupling capacitor tC^^) and the input 
resistance of the transistor (Rg + Rgb)' 
The time constant must be long to prevent 
phase distortion and loss of low frequency 
gain, 

7-18. Phase distortion and loss of gain at 
low frequencies are minimized by adding a 
compensating filter networkinserieswiththe 
load resistor t^^S^^^ This network 
consists of resistor Hp and capacitor Cp. 
It increases the collector load impedance at 
low irequencies because Cp has high reactance 
at low frequencies. Thus, the low frequency 
compensation network extends the frequency 
response curve to a much lower frequency. 
At high frequencies, Cp becomes practically 
a short and the collector load impedance is 
only Thus, the low frequency com- 

pensation network has no effect onthe ope ra- 
tion of the circuit ^t high frequencies. 

7-19. Figure 7-7 shows a typical wide-band 
amplifier (10 hertz to 4 megahertz) using 
both high and low frequency compensation 
netMPorks. The high and low frequency cir* 
cuits operate independently and do not inter- 
fere with each other. At low frequencies 
the reactance of inductor Ll is very small 
and has no effect on the collector load 
impedance. The reactance of inductor L2 at 
low frequencies is also very small and has 
no effect on the coupling circuit. CI and C3 
are so large that they have no effect at 
low frequencies. Thus, high frequency com* 
pensation circuits have no effect at low 
frequencies. SlmUiarly, at high frequencies, 
the reactance of capacitor C2 is very small 
and practically short*circuits resistor 
H3. 
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Figure 7-7. Compensated Wideband Amplifier 
7-20, Stagger Tuning 

7^21. Another method of increasing the band- 
width of amplifiers, is by use of "stagger 
tuning." In stagger tuning two transformer- 
coupled BF amplifier stages, the two cir- 
cuits (one in each stage) are tuned above 
and below the center frequency. 

7-22. Figure 7-8 shows a simplified diagram 
(power supplies and bias networks have been 
omitted) of a two-stage, stagger-tuned BF 

443kHz 4')7 kHz 
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Figure 7-8. Staggered Pair BF Amplifier 
(Simplified Schematic) 
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Figure 7-9. Response Qirves 

section. When tuned in this mannerthe stages 
are often caHed a "staggered pair." 

7-23. Notice that although the center frequency 
is 450 kHz, circuit 1 (LI and CI) is tuned 
to a resonant frequency of 443 kHz and cir^ 
cuit 2 (l2 and C2) is tuned to a resonant 
frequency of 457 kHz. Figure 7-9Aillustrates 
the individual response curves of the two 
circuits. Circuit 1 is tuned below the center 
frequency by 7 kHz and its resonant peak is 
443 kHz. This circuit is designed to have a 
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Figure 7-10i Wide^Band Amplifier Waveforms 



bandwidth (BWl) of 14 kHz, This is evident 
by the fact that the .707 (hall^power) points 
occur at 436 kHz and 450 kHz, Circuit 2 
has its resonant peak at 457 kHz^ 7 kHz above 
the center frequency. The bandwidth of this 
circuit is also 14 J^i^. It might appear 
that the overall bandwidth of the staggered 
pair will be BW^ plus BV/2$ or 28 icHz. 
However^ this is not the case. 

7-^24. One method of obtaining an overall 
response curve of two or more stages is to 
apply a number of frequencies to the input 
of the stages and plot the output amplitude 
for each frequency. When all those plotted 
points are comiected together the result will 
be the overall response curve of gain-versus- 
frequency. Thus^ the overall res|>onse curve 
of the staggered pair of amplifiers may be 
plotted from the individual response curves 
of figure 7^9A. The resuit of the plotting is 
shown in figure 7-9B. The upper half-power 
point now occurs at a frequency of 459.9 
kHz ^d the lowerat440.1kHz. The bandwidth 
is now 19.B kHz. The end result is that 
stagger tuning will give a wider bandwidth 
than tuning each circuit to the same frequency. 



7^25. Troubleshooting 

7-26. Before you can find a trouble in a 
circuity you must understand ttie circuit^s 
operation. Figure 7-10 shows the waveforms 
for figure 7-7. The input square wave (A) 
is applied at Jl and the output waveform 
(B) is taken from J2. Siace two common 
emitter amplifiers are used^ the input and 
output signals are in phase. This represents 
correct operation^ since no distortion is 
present and the signal has been amplified. 

7-27. Oppose there is no output at J2. 
There are many reasons for this^ some of 
which we discussed earlier^ such ^ tran- 
sistors open or shorted^ or coupling capaci- 
tors open* AlsO| open components Ll» H3 
or L2 couid cause no output. 

7-28. Observe the waveform labeled LOVl^ 
FREQUENCY LOSS in figure 7-lOC. NoUce 
that the wave is no longer square; it is 
''tilted." The tUted top and bottom indicate 
that an RC time constant is not long enough 
(the waveisapproachingdl£[erentiatlon.)Miat 
can cause these symptoms? Refer to figure 
7-7; R3» R7, C4, or C2 may be shorted- 
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An open C2 or C4 will produce a symptom 
that is easily mistaken for a shorted C2 or 
C4. Close examination of the curve labeled 
INCBCASED GAIN wUl reveal the difference. 
Note that amplitude has increased for the 
leading edge but not for the trailing edge. 

7-29. The waveform labeled HIGH FRE- 
QUENCY LOSS is approximately the correct 
amplitude, but theleadingeclgesare^'rounded 
off/' This means that the high harmonic 
frequencies are beinglost. The malfunctioning 
components that could cause this include 
shorted Lt, L2, L3, or L4. 

7-30.. In practical circuits, the in- 
ductors are often variable and will 
require adjustment by the maintenance 
te chnician. Maladjustment can produce 
the waveforms labeJed HIGH FRE- 
QUENCY LOSS and OVERCOMPENSATION. 



7-31. In summary, a nonsinusiodal wave 
contains a fundamental frequency and a number 
of harmonics. Since these frequencies must 
receive the same amount of gain, a wide- 
band amplifier is required* 

7-32. The low frequency components 
of a square wave are represented in the top 
and bottom. The circuits that can distort 
the low frequencies are the coupling capaci- 
tors. Low frequency compensation networks 
are used to prevent low frequency distortion* 

7-33. The high frequency components of a 
square wave are represented on the sides. 
Interelement and distributed capacitance can 
attenuate the high frequencies. High frequency 
compensation components, whichpreventhigh 
frequency attenuation, include shunt and se rles 
peaking coUs. 



erJc 



7-7 



123 



Chapter 8 



SATURABLE REACTORS AND MAGNETIC AMPUHERS 



8-1, Another practical application of the 
principle of inductance is the saturable 
reactor. This chapter applies principles of 
magnetism and explains the magnetic circuit, 
core saturation^ and the hysteresis loop. 
Then, we discuss the operation of a simple 
saturable reactor, 

8-2. In electrical circuits, voltage and cur- 
rent are the basic electrical variables. In 
the magnetic circuit, the magnetic variables 
are magnetomotive force (MMF) and flux 
(0). Magnetomotive force is the basic magnetic 
potential or pressure; It is the force neces- 
sary to create a magnetic field. MMF is 
determined by the number of turns of a coll 
times the current flow, often referred to as 
ampere-turns (NI) of a coU. If three amperes 
of current flow through three turns of wire, 
shown in Figure 8-1, the MMF is nine 
ampere-turns. 

8-3. The flux (0) of a magnetic circuit Is 
the total number of lines of magnetism in the 
magnetic circuit Flux compares with cur^ 
rent In an electrical circuit. Just as cur- 
rent Increases with voltage when resistance 
remains constant, the number of flux lines 
increases as the MMF increases, if the flux 
path remains fixed* 
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Figure 8-1. Total Reluctance of a Magnetic 
Circuit 



8-4. The third property of a magnetic cir- 
cuit is reluctance. Reluctance (R) opposes 
the creation of magnetic flxix within the 
coU. If the reluctance increases, the mag- 
netic flux decreases when the magnetomotive 
foi'ce remains constant. Let's compare the 
electrical circuit with the magnetic circuit: 



Electric; R = 



EMF 
I 



^ ^ MMF 
Magnetic; R - -"^ 



where; 

R = reluctance oroppositiontofluxbuUdup, 

MMF ' magnetomotive force (NI), and 

& = number of magnetic lines. 

8-5. The reluctance of a magnetic circuit 
is directly proportional to the length and 
inversely proportional to the permeability 
(m) and cross-sectional area of the magnetic 

path, as shown in the formula R " -r-^* 

fX A 

^ere materials of different permeability 
make up the magnetic path, reluctance must 
be determined for each portion of the path 
and added. For example in figure 8*1, the 
total reluctance equals the reluctance of Iron 
plus the reluctance of air. 

8-6. Recall that permeaMlity is a measure 
of the ability of a material to act ^s a path 
for magnetic lines of force. By definition, 
air has a permeability of one, because one 
unit of magnetizing force produces one flux 
line per uitit area. In contrast, permeability 
of iron is 50 to 2000. This means that one 
unit of magnetizing force causes 50 to 
2000 flux lines per unit area when compared 
to the permealdlity of air. 

8-7. The permeafiility of any material may 
be expressed by the following ratio: 



(mu) = 



B (flux densi^) 
H (magnetizing force) 
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Figure 8-2. Permeability Comparison Graph 

This ratio is often referred to as the B*H 
ratio, and it is used as ^ basis for selecting 
core materials for saturable reactors. Core 
materials used in saturable reactor circuits 
are capable of producing high values of 
flux density (B) with low values of magne- 
tizing force (HX H is dlrecUy proportional 
to MMF and is the magnetic potential drop 
per unit length of core, which compares to 
the voltage drop per unit length in the 
electrical circuit. Any cliange intbe ampere- 
turns of a coil will cause a propoartional 
change in magnetizing force H. Flux density 
B is the numtier of lines of force per square 
unit area measured In a plane perpendicular 
to the cUrection of the magnetic field, 

8-8, You know that in a given electromagnet 
(coil), as the magnetizing force increases^ 
flux increases. We can plot this as shown 
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Figure 8-3, 

in figure 8-2. Notice tiiat with an air core 
the flux density increases In a straight line^ 
at a ooastant rate^ withanincreaseinmagne- 
tizing force. The tiigh reluctance and the low 
permeability of air in the magnetic circuit 
requires a high magnetizing force to cause 
mai^ flux lines. Quite the contrary when we 
have an iron-core — the ratio of B to H is 
now a complex curve. Nbte^ ty the shape 
of the curve^ thatthe permeability character- 
istics of the iron core are not constant^ but 
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vary as the magnetizing force increases. 
Other factors that affect the shape of the 
magnetiration curve are heat and purity ofthe 
material. 

8-9. Figure 8-2 uses direct current as the 
magnetizing force. Alternating current forces 
a ftirther look at what happens in an electro- 
magnet. Recall that the sine wave of current 
reaches a peak amount in one direction^ 
decreases to zero^ and then flows in the 
opposite direction. Refer to Figure 8-3A for 
a study of AC applied to an air-core coll. 
Applied AC increases to its peak value and 
magnetizes the coil to point a. As current 
decreases to zero and reverses direction^ 
magnetizing force and flux density decrease 
to zero and reverse direction. As magnetizing 
force increases in either direction^ flux 
density increases and decreases to form the 
straight line graph at the top of figure 8-3A. 

8-10. With an iron-core, however, we have a 
curved line. As the magnetizing force reaches 
its first peak value at point a' in figure 
8-3B| the iron core reaches maximum flux 
density at point a". As the magnetizing force 
decreases to zero, magnetic strength also 
decreases, but a"residual"iDagnetism stays 
in the core . When the magnetizing force is at 
zero, the flux density of the residual magne- 
tism is at point b. 

8-11. When the magnetizing force is applied 
in the opposite direction, H must reach point 



c before flux density returns to zero. The 
mangetlzlng force required to cancel the 
residual magnetism is called COERCrVF 
FORCE. A coercive force from point o to 
point c Is needed to reduce the flux to zero. 
As H continues increasing to point d\ the 
flux density increases to point d*'. The 
return of the magnetizing force to zero 
results in a reduction in flux but, as before, 
B does not return to zero. Flux density 
decreases to point e, and a coercive force 
from point o to point f is needed to reduce 
the flux to zero. The plotted cycle of magne- 
tization (a, b, c, d, e, f, a), sho\m in figure 
8-3B, is called a "hysteresis loop." 

8-12. The general effect where flux density 
lags the magnetizing force is called hystere- 
sis, we defined this term in an earlier 
chapter. Energy is lost because a portion of 
the magnetizing force is used to overcome 
the residual magnetism. The area within the 
hysteresis loop is proportional to the amount 
of work done against the residual magnetism 
of the core and represents the power loss. 
The amount of loss involves ttie type of core 
material and the frequency ofthe magnetizing 
force. 

8-13. Figure 8-4 shows three hysteresis 
loops of coils with cores of different amounts 
of retentivlty. The air core has no reten- 
tlvity and the iron core retains some resi- 
dual magnetism. The ideal saturable reactor 
core IS made of a special alloy which 
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Figure 8*5A, Hysteresis Loop for a Saturable Reactor 
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remains saturated until the coercive force 
cancels and reverses the direction of flux 
lines. 

d-14. The high degree of rectangularityof the 
loop (figure 8-4C) shows that the core has 
a quick transition between positive and nega- 
tive saturation. The narrowness of the loop 
shows the amount of coercive force needed 
to overcome the residual magnetism to be 
very small and it also indicates that a small 
ma^etizing force can cause core saturation. 
The ideal hysteresis loop for saturable 
reactors is rectangular in shape and very 
narrow in width. 

8-15. The hysteresis loop shown in figure 
8-5A is typical of that for the saturable 
reactor. The saturable reactor is an inductor 
with a special type of core which can be 
saturated with a small magnetizing force. 
Notice that as the magnetizing force (fH) 
is increased from point O to point the 
flux density (B^*) is increased from point O 
to point L.. Point L represents maximum 
flux and the core is at saturation. The satu- 
rable reactor core has a high permeability. 
That is, a small magnetizing force will 
cause core saturation. The saturable reactor 
also has the property to stay magnetized and 
saturated even though the magnetizing force 
is removed. In figure Q^^Ap note that as the 
magnetizing force returns to point 0» the flux 
density remains at point M which still repre- 
sents maximum flux or saturation. The amount 
of residual magnetism indicates that the 
saturable reactor has a very high retentivity. 
The saturable reactor remains at saturation 
until a magnetizing force of the opposite 
polarity (-H) is applied. When the magnetizing 
force reaches point P, the core suddenly 
becomes demagnetized and the flux density 
is zero. The magnetizit^ force represented 
by the magnitude O to P is the coercive 
force. The coercive force needed to de- 
saturate the core of the saturable reactor is 
small. 

Thus far, we have seen thatasmall magne- 
tizing force (O to K) will saturate the core. 
The core will remain saturated at point L» 
M| and N until a small coercive force (O 
to P) demagnetizes the core. When the 



magnetizing force is increased to point 
the core will saturate once again but in the 
opposite polarity. The core will remain 
saturated as represented by points Bp 
and T until a coercive force from O to J is 
applied. At point the core is once again 
demagnetized. 'Increasing the magnetizing 
force to point K will once again saturate 
the core and the cycle is repeated. When 
the saturable reactor is in its saturated 
state^ the coil will offer minimun] react- 
ance to an alternating current (AC). Prior 
to saturation^ the coil has a very high react- 
ance to AC* Due to these core character- 
istics, the saturable reactor can be switched 
from high to low reactance by small levels 
of magnetizing or coercive forces. This 
enables the saturable reactor to be used as 
a switching device. One of the factors 
which changes the level of magnetizing 
force^ necessary to switch the reactor, is the 
frequency of applied voltage. Notice in figure 
8-5B| that as the frequency of the applied 
voltage Is increased^ larger magnetizing 
and coercive forces are needed. This is due 
to the fact that at higher frequencies^ greater 
power loss occurs in the reactor and a 
greater force is needed for switching. 

8-16. Early shapes of the saturable reactor 
core were very similar to that of the conven- 
tional transformer. The transformer core is 
still used in some applications but it is 
often replaced by the ring-shaped or toroidal 
core. 

8-17. Figure 8-6A shows a simple saturable 
reactor circuit. A toroidal coil reactor in 
series with a resistor (RL) is driven by a 
sinusoidal line voltage. 

8-18. The saturable reactor functions as 
a synchronous switch because the impedance 
of the reactor changes abruptly from a high 
impedance to a low impedance during each 
half-cycle of applied line voltage. The 
point at which the impedance change occurs 
is determined by the core characteristics. 
When the core of the reactor is unsaturated^ 
the impedance of the reactor is very high 
compared to the load impedance. During 
this time^ the reactor acts as an open 
switch and very Utile power reaches the load 
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positive direction^ magnetizing force 
increaaesi and flux density in the core 
increases to saturation* The current flow 
through the load between TO and Tl is very 
low. The amplitude of current at this time 
is determined hy the width of the hysteresis 
loop; this current and the numher of turns 
in the coil (NI) determine the magnetizing 
force (H). During this interval^ the impedance 
of the reactor is very high compared to the 
resistance of the load. As a result, most 
of the line voltage is dropped across the 
reactor* 
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6. VOLTAGE WAVESHAPES 

Figure 8-6. Saturable Reactor Simple Circuit 

from the AC line. When the core of the 
reactor becomes saturated, the impedance of 
the reactor acts as a closed switch and the 
full line voltage is impressed across the 
load resistance. The change from one imped- 
ance level to the other is rapid^ and it is 
repeated with every haif-cycle of the applied 
line voltage. 



8-20. At Tl, flux density reaches maximum 
and the co^e saturates. At the instant the 
core saturates^ the high impedance of the 
reactor drops to a low value^ and a heavy 
surge of current causes an instantaneous 
rise in voltage across the load resistor. 
During the time interval between Tl and T2, 
useful power ts delivered to the load from 
the line voltage supply. 

8-21. At T2| line voltage reverses polarity 
and current flow changes direction. The 
impedance of the reactor is once again high, 
and a low value of magnetizing currentflows^ 
as in the positive half-cycle. Because of the 
high impedance of the reactor compared to 
the low impedance of the load^ most of the 
line voltage is dropped across the reactor 
hetween T2 and T3. At T3, flux density 
reaches its ma:cimum value and the core again 
hecomes saturated. Atthis instant^ the imped- 
ance of the reactor drops rapidly from a high 
value to a low value. The heavy surge of 
current again causes nearly all of the line 
voltage to appear across the load* For the 
remainder of this hall-cycle^ useful power is 
delivered to the load. At T4^ the polarity of 
the line voltage reverses, and the action 
just described repeats as it does with every 
cycle. 



8-19. Figure 8-6B shows the voltage wave- 
shapes developed across the load resistor 
and the reactor for one cycle of applied 
line voltage. In this example, the line voltage 
is considered to he of sufficient ampli- 
tude to drive the core into saturation on 
each half-cycle. At time T0» line voltage 
is applied* as voltage increases in the 



8-22. When the core is saturated and, no 
additional flux density is possihle, further 
increase in magnetizing force causes no 
change in flux. Thus, no counter EMF or 
opposition resulting from a change in flux 
takes place. At this time* the only opposi- 
tion of the reactor coil is its DC resistance 
and the load receives useful power. 
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Figure S-T.SatiirableReactorwithDCCoQtrol 



Figure 8-8. Load Waveshapes for Different 
Values of Control Current 



8-25. The voltage waveshape developed 
across the load resistance in one cycle 
of line voltage is shown in figure 8-7B. 
When AC line voltage is applied, notice that 
the coil reaches saturation on the positive 
swing but not on the negative swing. Thus, 
the AC circuit has high impedance for 
all of the cycle except that portion of the 
positive half-cycle when the core 
saturates. 



8-23. Another circuit must be added to figure 
8-6A to establish control over the time 
that core saturation occurs. Refer to figure 
8-7A. A DC source is connected to a coir 
trol winding on the toroidal coil. Adjusting 
resistor He controls the instant that core 
saturation occurs and, thus, controls the 
average power delivered to the load. A 
small power source controls a large power 
source; this demonstrates amplifier action. 



8-^24. The saturable reactor circuit con^ 
sists of two windings. One is the control 
coil and the other is the load coil. A 
direct- current source applies magnetizing 
force for the control coil. Variable resistor 
Kq controls this steady magnetizing current. 
The toroid is thus magnetized with one 
polarity to a desired flux density, which 
determines when the core becomes 
saturated. 



8-26. The DC control current establishes 
control over the time that the reactor is 
saturated* Figure 8-8 shows the load wave- 
shapes of a saturable reactor circuit, with 
different values of control current. If the 
control current is increased, core satu- 
ration occurs sooner. This causes the time 
reference Tl to move toward TO, the core 
saturates for a longer period of time, and 
the average current delivered to the load 
increases* If the control current is de- 
creased, the time reference Tl is moved 
toward T2, and the core is saturated for a 
shorter, period of time. A decrease in 
control current results in less current being 
delivered to the load. The time at which the 
core becomes saturated is set by the control 
current which, in turn, determines the output 
of the saturable reactor. The basic principles 
of saturation control are the same for all 
saturable reactors. The only difference that 
might exist is the arrangement of the control 
circuit. 
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8-27. Figure 8-9 shows a very simple appli- 
cation of the saturable reactor to control 
brightness of theater lights. 18 adjusted 
to set the amount of current through the 
lights, the longer the saturated interval^ 
the higher the average current and^ there* 
fbre^ the brighter the lights in the theater. 

3-^28. The saturable reactor is simple^ rugged^ 
and reliable. It is capable of driving many 
loads and can handle large quantities of 
power with good efficiency. 

8-29. Traasformer action occurs between 
the load coil and the control coil. This 
transformer action lowers the efficiency of 
the circuit. The saturable reactor^ shown 
in figure 8-7^ is designed with a very high 
impedance in the control circuit. The purpose 
of the high impedance is to reduce control- 
circuit currents induced from the load coil. 
This keeps the impedance of the reactor high 
and load power low when the reactor is 
unsaturated. If the impedance of the control 
circuit is low, a large current is induced 
from the load coil^ which causes load cur- 
rent to be large prior to core saturation. 
This seriously reduces the gain of the 
saturable reactor. 

8-30. There are other methods used to 
reduce or, in some cases^ practically eli- 
minate the induced currents from the load 
coil. Some of the common methods used are 
shown in figure 8-10. Illustration A shows 
a single-core saturable reactor withaniron- 
core choke coil in the control circuit. The 
purpose of the choke coil 13 to present a high 
impedance to alternating currents so that 
the voltage induced from the load coil into 
the control coil produces only small cir-^ 
culating currents in the control circuit. 
Another method of eliminating undesired 
effects of transformer action between load 
winding and control winding is shown in 
figure 8-lOB. This method consists of using 
two separate core elements, sometimes 
referred to as a twin^core arrangement. 
The control windings are series aiding^ 
while the load windings are series opposing. 
The voltage induced into one of the control 
windings is cancelled by an equal butopposite 
voltage induced into the second control 
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Figure 8-11. Saturable Reactor Symbols 

winding. A saturable reactor such as this 
can operate effectively with a wide range 
of , control- circuit impedance. The same 
effect as described above for the series-* 
connected control windings can be achieved 
with a common control winding^ as shown in 
C and D of figure 8-10. In both cases^ the 
load coils are wound so that they are series 
aiding. The voltages induced into the control 
coils from the load coils are of equal 
amplitude but opposite polarity. The result 
is a cancellation of the induced currents. 

8-31. Figure 8-'ii shows saturable reactor 
schematic symbols which correspond with 
pictorial diagrams in figures lOA^ B and C. 
The specific symbol indicates the number 
and types of windings. The power winding has 
3 loops and the control winding has 5. 
The line across the windings represents 
saturable core magnetic winding. 

8-32. Figures 8-iiB and C have Idnd- 
of-current (DC or AC) and polarity (dots) 
markings. The dots placed near one end 
of each coil show relative polarity of the 
windings. An increa^se of current entering the 
end of the control winding marked with a 
dot causes an increase in the power output. 
If instantaneous currents enter the windings 
at the marked points^ they will produce 
aiding fluxes. 
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Figure 8-1 2. Half-'Wave Magnetic Amplifier 

8-33. Magnetic Ampliilers 

8-^34. A transistor can function as an ampll-* 
fier because of its ability to produce large 
power changes in its output circuit TJrith 
only small changes of power in its input 
circuit. In the saturable reactor, small power 
changes in the control circuit produce large 
power changes in its ^d circuit. The 
saturable reactor canthereforefunctionasan 
amplifier. The amplifier which employs the 
saturable reactor as its amplifying device 
is called a MAGNETIC AMPLIFIER, The 
magnetic amplifier is very rugged, reliable, 
and capable of controlling large amounts of 
power, m addition, it is able to produce 
large variable positive DC, negative £>C, or 
AC power outputs with small DC input power 
changes. Because the power output from the 
amplifier is variable, the magnetic amplifier 
is somefimes used for motor speed control, 
or other power control applications, DC 
outputs can be used for the directional con- 
trol of motor rotation. 

8-35, The schematic for the basic half-wave 
magnetic amplifier i$ shown in figure 8-12. 
The saturable reactor in the amplifier is 
composed of LI and l2, LI, Rl, and the 
battery make up the control circuit which 
determines the amount and direction of con- 
trol flux through the reactor core. The output 
load circuit is composed of L2, CRl, RL, 
and the AC power source. One function of the 
diode is to block the generation of opposing 
magnetic flux in the core w^Uch would 
generate heat and decrease efficiency. Power 
will be delivered to the load (R^,) when the 
control and load magnetic fields are aiding 
and the core saturates. The amount of power 



Figure 8-13. Half-Wave Magnetic AmpUfier, 
No Output 

delivered to the load is controlled by the 
amount of flux produced by the control winding, 
lA. The greater the control flux, the more 
power output to the load. The polarity of 
the output voltage developed across the load 
is determined by the direction of the control 
flux in the core and the polarity of the 
diode in the load circuit. Note that the ampli- 
fier in figure 8-12 is producing a direct 
current through the load. The voltage output 
is f^own as a negative i^nilse which wlU 
average out to a DC level. If either the 
diode or the control voltage were reversed, 
the circuit would not have an output (see 
figure 8-13). However, if both the battery 
and diode were reversed, the amplifier would 
produce a positive DC output as shown in 
figure 8-14. 

8-36. To determine the output of a magnetic 
amplifier the following steps maybe employed. 
The first step is to use the LEFT-HAND 
THUMB RULE to determine the direction 
of the magnetic field set up by the control 
winding. To use this rule, both the direction 
of current and coil turns must be considered. 
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Figure 8-14, Half-wave Magnetic Amplifier, 
Positive Output. 
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Figure 8-14 shows the first winding at the 
side of Rl passing over the core and con- 
tinuing counterclockwise. Imagine that the 
fingers of your left hand are wrapped aroutid 
the core with the windings and in the direc- 
tion of current flow. Your thumb would point 
in the direction of the magnetic north pole 
shown on figure 8-*14. The second step is to 
determine the magnetic north pole of the load 
winding. The effect of the diode on the AC 
input must be considered before the LEFT- 
HAND THUMB RULE can be used as before. 
Since diode current flows from cathode to 
anode (Point C to D on figure 8-14), it is 
possible, by employing the rule, to identify 
the top of the load winding as tho magnetic 
north pole. 

8-37. Alter performing these first two steps, 
you can find out if the magnetic fields are 
aiding or opposing. Unlike poles will aid 
each other and cause the molecular magnets 
in the core material to align, the flux 
field to build up and the core to saturate 
faster. As indicated on figure 8-14, the poles 
at the top and bottom of the reactor are 
unlilce. The resulting molecular magnet align-* 
ment causes saturation and an output pulse 
will be generated. On the other hand, when 
the fields areopposingeachothertheroolecu-* 
lar magnets will align in two different direc-* 
tions. Without proper alignment flux cannot 
build up, the core cannot saturate ^nd an 
output pulse cannot be obtained. These con- 
ditions are illustrated in figure 8-13. Alter 
determining if the magnetic fields in the 
reactor are aiding or opposing, the third 
step Is to determine if there is a positive 
or negative output pulse. The output pulse 
polarity will be determined by the direction 
the diode allows current to flow through the 
load resistor. Current can be traced on figure 
8-14 from ground, through the load resistor, 
diode and the reactor winding. The voltage 
drop across the load resistor will cause a 
positive potential at point C. This means that 
when current is flowing through the load 
resistor there will be a positive pulse 
at the output. 




Figure 8-15. Effects of Control Current 
on Output Power 

8-38. The fourth and final step is to deter- 
mine the amount of pulse that will be present 
in the output. This is achieved by considering 
the position of the tap on the control resis- 
tor (Rl) figure 8-14. With the tap in the 
position shown, maximum current will flow in 
the control winding. This causes maximum 
flux which allows early saturation and pro- 
duces output waveform C of figure 8-15. 
When the control resistor tap is moved to 
point B there will be minimunr. current 
flowing through the control winding. The 
magnetic flux will be minimum, the reactor 
will take longer to go into saturation and 
waveform A of figure 8-13 will be the 
output. With the tap in the center position 
waveform B would be generated. 



8-39. In the half-wave magnetic amplifier, 
DC power is delivered to the load for only 
a portion of one alternation of the input 
AC. If aJi alternating output is required, 
the magnetic amplifier of figure 8-16 can 
be employed. This circuit is called a full- 
wave magnetic amplifier because power is 
delivered to the output during both alter- 
nations of the input. The saturable reactor 
used in the full-wave amplifier is center 
tapped and the amplifier uses two diodes to 
ensure that current through the reactor 
load winding will always be in the same 
direction. As with the half-wave amplifier, 
changes of the control current will affect the 
amount of power delivered to the load as 
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Figure 8-16. FuU-Wave Magnetic Amplifier 
shown by the wavefor; .s of figure 8-16. 
With loaxiinum control current (Rl at Pbint 



A), maxiniuni load current wiU flow 
(waveform A). With Rl at point C, the 

waveform (C) shows that minimum power is 
delivered to the load. 



a-40. Applying the LEFT-HAND THUMB 
RULE to the full wave saturable reactor 
shows that the fields set up by the load 
winding WiU always be aiding the control 
flux regardless ctf the aC polarity. As a 
resutt, an output wiU be deUvered to the 
load during each altemaUon of the AC 
power ^lied. 
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Chapter 9 



SYNCHRO SYSTEMS 



9-1, Applications of synchro systems are not 
new to you: the gas gauge on the dashboard 
ia your car is one example. This chapter 
first explains the functions ajid uses of 
synchro systems; then it applies AC motor, 
generator, and transformer principles in 
explaining basic synchro operation. 

9-2, Functions of Synchros 

9-3, The function of a synchro system is to 
couple a mechanical position to an indicating 
device without mechanical linkage. This 
"mechanical position'' is usually the position 
of a shaft and is called "angular position," 
A synchro is an inductive device capable 
of transforming an angular position input 
into an electrical output or an electrical 
input into an angular output. 

9-4, Uses of synchro Systems 

9^5, synchro systems are used in many types 
of electronic equipment Jn typical radar 
equipment, the angular position ofthe antenna 
is shown on the indicator by the position of 
an illuminated line. The angular position of 
the illuminated line is synchronized with the 
antenna through use of the "synchro 
generator" and "synchro motor," There- 
fore, as the antenna rotates, the angular 
position of the illuminated line on the indi- 
cator changes in step with the antenna. The 
synchro generator and synchro motor with 
connecting lines are the basic synchro system. 



9-6, A similar system is used in radio navi- 
gation equipment. Here, the position of a 
compass needle is synchronized with the 
antenna position through a synchro system. 

9-7. In the examples given, the torque required 
is small. Therefore, a synchro system canbe 
used. For applications where mor^. torque is 
required than can be supplied by a synchro 
system, a different system will be required. 
This system is called a SEHVOSYSTEM. A 
servosystem is used to turn an antenna, 

9-8, Basic Principles of Synchros 

9-9, The synchrogenerator andsynchromotor 
are usually referred to as "synchros." Basic 
principles of synchros are the same as those 
of any nsotor and generator. The four most 
important principles are: 

1, When a currentispassedthroughacoil, 
the coil assumes the properties of a magnet, 

2, The north andsouthpdesofthemagne- 
tic field around a coil are determined by 
direction of current flow through the coil. 
That is, if the direction of current through a 
coil is reversed, the poles of its magnetic 
field will be reversed. The magnetic field may 
also be reversed by reversingthe dlrectionin 
which the coil is wound. 

3, There is a force of attraction or repul- 
sion betweenmagnetic fields, like poles repel, 
unlike poles attract. 
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Figure 9-2 



4, When there is RELATIVE MOTION 
between a conductor (coil) and a magnetic 
field, a voltage will be induced in the con- 
ductor (coU), 

9-10, Positioning a Shaft with DC Voltages 

9-11, Although the syncr*^ is anACdevice, 
DC voltages aresometimes':£»<?iforposition- 
ing shafts. Since ^n understanding of shaft 
positioning with DC wUl ^^ip you analyze 
the operation of a synchro, it is well to take 
it Up first, 

9-12. Figure 9-1 shows a pivoted permanent 
magnet and a cdl with a DC current flowing 
through it. There are two possible positions 
which the magnet can take since there are 
two possible magnetic fields. Notice that 
reversing the direction of currentflow through 
the coil reverses the magnetic field of the 
coil and the position of the magnet. 

9-13, In figure d-2A we have placed two 
coils at tight angles* The position which the 
rotating magnet takes is determined by the 
vector sum of the forces applied to it If 
both coils have an equal magnetic-field 
strength, the pivoting magnet will take up an 
angular position of 45', In figure 9-2B, we 
have reversed the direction of the magnetic 
field of one coil by reversing the direction 
in which it is wound. The rotor now takes 
up an angular position of 315^ In figure 9-2, 
there are four possible combinations of mag- 
netic fields. Therefore, the rotaUng magnet 
has four possible positions which it cantsUce: 
45% 135% 225% or 315*, The statements 
which we have made about figure 9-2 are 



only true if the magnetic field of both coils 
are equal. We have stated that the position 
of the rotating magnet is determined by the 
vector sum of the forces applied to it by the 
coils. Suppose that the magnetic field of one 
coil was made stronger than thatofthe other. 
In this case the rotating magnet would move 
TOWARD alignment with the coU of greatest 
magnetic field strength, it would NOT be in 
perfect alignment, however, unless the 
mag.^tic Held of the other coil decreased to 
ZERO, 

9-14* From the statements given above* you 
can see that two factors govern the position 
of the rotating magnet: direction of the magne- 
tic fields of the coils, and relative strength 
of the magnetic fields of the coils. In figure 
9-3 we have a circxiit in which it is possible 
to vazy tKith direction and relative strength of 
the two electromagnetic fields. 
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Figure 9*4 

9-15, The rotating magnet In figure 9-3 can 
b>Jce ANY position in its 360"^ of rotation; 
therefore^ it has an inHnite number of poS' 
sible positions. Figure 9*4 shows a practical 
DC remote indicating system. In this case 
the colls are arranged in what is called a 
"WTf E" connection. Each coll has an angular 
position 120'' removed from the other colls. 
Use of three coils allows a more positive 
control of the rotating magnet 

9-16. Notice that^ in figure 9*4^ when the 
potentiometer is moved CCW from point AD 
to point EB^ that the rotating magnet moves 
CCW an equal number of degrees (60*X 
In the first position of the potentiometer 
(drawn in solid lines)^ Coil 1 has the greatest 
magnetic field strength because it has the 
largest current flowing through it. Colls 2 
and 3 have an equal fields but their strength 
is less than that of Coil 1. Also notice the 
polarities of the magnetic fields of the 



three coils. Colls 2 and 3 are "pulling" 
on the south pole of the magnet^ since CoUs 
2 and 3 have equal fields^ the magnet will 
be positioned halfway between them (60^ 
away from each). Coil 1 also holds the mag- 
net in this position^ since it ^^puUs" on the 
north poLe of the magnet. When the potentio- 
meter is moved (from point AD to point EB}^ 
the polarity of Con 3 will be reversed. 
Therefore^ CoUs 1 and 3 will have the same 
polarity. The magnetic field strength of the 
coUs will also change when the potentio^ 
meter is moved from point AD to point EB. 
At point EB^ Coll 2 will have the greatest 
field strength; C^ils 1 and 3 will have an 
equal field strength. 

9-17. From these two cases you can see 
that all three coils in figure 9-4 exert a 
torque on the magnet. The amount of torque 
exerted by each coll is proportional to the 
strength of its magnetic field. The direction 
of the torque exerted by each coil is deter- 
mined by current through the coll and the 
polarity of the magnet. The angular position 
which the magnet takes is determined by the 
vector sum of the torques applied l]y all 
three colls. 

9-18, synchro Construction 

9^19. A synchro system requires a synchro 
generator and a synchro motor. Before going 
into the operation of the synchro generator 
and motor^ let's first consider their con- 
struction. Both resemble small electric 
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motors. Each consists oi a fixed element 
called the stator and a movable element 
called the rotor. The statorconsistsotthree 
coils placed in slots around the inside oi a 
laminated-iron field structure and spaced 120° 
aparti very much like an ordinary 3-phase 
motor. Actually the groups overlap somewhat 
so the force which pulls the rotor into 
position is the same for all positions of 
the rotor. The 120* spacing of windings 
sometimes leads a person to believe that 
3*phase voltage is used^ but such is not the 
case. Only single^phase voltage is present. 

9*20. The rotor consists of a coil of wire 
wound on a soft iron core and mounted on a 
shaft with the axis of the coil perpendicular 
to the shaft. Ball bearings reduce friction 
between the rotor shaft and its mount. The 
rotor is electrically connectedtothe external 
power source through two slip rings on the 
shaft. 

9'21. The synchro motor and the synchro 
generator are essentially the same but a 
synchro motor tends to oscillate violently 
or Spin continuously when the shaft is turned 
suddenly or when poweris first applied to the 
system. To prevent this undesirable osciN 
lation, the motor has a heavy metal flywheel, 
called an "inertial damper/' mounted on one 
end of the shaft. This flywheel is mounted 
so that it turns freely on the shaft for 
approximately 45°, and then runs into a keyed 
bushing. This bushing ^K^ch is fastened to 
the shaft through a friction disc also turns on 
the shaft but with a great deal of friction. 
For slow changes in position of the shaft, 
the flywheel follows along without much 
damping effect. But if the shaft tries to turn 
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suddenly, the flywheel tends to stand stilly 
and the friction disc acts as a brake which 
keeps the shaft from reaching a speed fast 
enough to start oscillation or spinning. If 
oscillation or spinning does occur, usually 
something is wrong with the damper. 

9-22. Basic Synchros 

9-23. Figure 9*5 shows the standard schema- 
tic diagram of abasic synchro system. Notice 
that stator coil leads are labeled SI, S2, 
and S3; rotor leads are labeled Hi and R2. 
Notice also that we divided the circle through 
which the rotor turns into degrees. We 
use these divisions of the circle to indicate 
the angular position of the rotor. 

9-24. The synchro is an AC device. That is, 
it uses only AC as a source of power. 
Therefore, the magnetic fields present in the 
rotor and stator coils will alternate in 
polarity at the same rate as the AC source 
of power. For instance, we know that 60 
Hz AC reverses direction of current flow 120 
times per second and that the direction of 
current flowing th rough a coil dete rmines the 
polarity of the magnetic field around the coil. 
Therefore, the polarity of the magnetic 
field around the coil will change 120 times 
per second. 

9*25. Transformer Action in Synchros 

9*26. An important factor in synchro opera* , 
tion is transformer action. In the synchro 
generator, AC voltage applied to the rotor 
winding is coupled to the stator windings 
through transformer action* The phase and 
amplitude of the voltage induced in each stator 
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winding is determined the angularposition 
of the rotor. AC current through the rotor 
causes an electromagnetic field to expanded 
coUapse at the AC rate, cutting the windings 
oi the stator coils and inducing anACvoltage. 
This action takes place even though both 
stator and rotor are stationary* ihe amount 
of voltage induced in a stator winding depends 
on the angular relationship of the two coils. 
When two coUs are parallel to each other, 
coupling between the twocoils*willbe maxi- 
mum* When two coils are at right angles to 
each other (90**) coupling wlUbezero* Figure 
9-6 indicates the effect of angular relation- 
ship on coupling* Observe that the rotor 
windng has 115 V, 60 Hz applied It is the 
magnetic field of the rotor that induces 
52 V In S2 in figure d-6A and C. In the 
perpendicular position, (figure d-6B)induced 
voltage is zero. 

9-27* In a synchro, as the rotor is turned 
through a fUll circle (360*)the voltage induced 
in each stator will vary as shown in figure 
9-7* The graph shows the amplitude andphase 
of the induced voltage for one stator winding. 
Values plotted above zero indicate an in- 
phase condition between rotorandstatorwtiile 
values plotted below zero indicate an 180* 

S2 




^S3 TO SI 



INDUCED 
VOLTAGES 



W 



SI TO S2 



/ 

S2 TO S3 



/ 




(f 3? 4(p 9(f noPisoPiatfaitf'aiCfiTS^w^asff** 
ROTOR POSITION 



Figure 9*^8 



REP4-^l 371 



out-of-phase condition* The shape of the curve 
is that of a sine wave whose frequency is 
determined by the time it takes the rotor 
to turn through 360^ Since all three stators 
lie in different directions, no two stators 
will have the same curve* Figure 9-8 shows 
the relative amplitude and phase of the volt- 
ages induced between points SI, S2, and S3 
for various positions of the rotor* Note that 
each stator reaches a maximum induced 
voltage twice in a 360' rotation of the rotor* 
Also, notice that the reference line represents 
the point at which the phase changes as well 
as the point of zero induced voltage* This 
change of phase in the stators, with respect 
to the phase of current in the rotor, is 
illustrated in figure 9-dA and B* 

9-28* In standard synchros, the maximum 
voltage induced in each stator coil is 52 
vdts HMS when 115 volts HMS is applied 
to the rotor* The maximum voltage across 
a pair of stators is 70 vdts HMS. 

9-29* We have seen how the angularposi- 
tion of the synchro rotor can control the 
amplitude and phase of the voltage induced 
S2 
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in the stator windings. In other words^ we 
have changed the angularpositioninformation 
oi the rotor into electrical information in the 
stators. This is the action which takes place 
in a synchro generator (refer to figure 
9-10). The output of the synchro generator 
i5 coupled to the synchro motor. In the synchro 
motor^ the electrical information is used to 
control the angular position of the rotor. 
Figure 9-10 shows the connections between 
synchro generator and synchro motor. Let 
us see how the inputs to the synchro motor 
control the position of its rotor. 

9*30. synchro Motors 



now in rotor and atators for the positive 
half-cycle of appliedvoltage. Note that stators 
SI and S3 are in parallel^ therefore^ they 
will have magnetic fields of equal strength 
and polarity. Stator S2 has the greatestmag- 
netic field strength since aU current that 
news through SI and S3 must flow through 
S2. TTie polarities of the magnetic fields will 
lock the rotor in ttie position shown. On 
the negative half-cycle^ aU currents in the 
synchro wUl be reversed and, therefore^ the 
polrrity of the stator and rotor magnetic 
fields will be reversed. Tlie rotor will still 
be locked in the position shovra. The net 
torque on the rotor will be zero. 



9-31. Figure 9-11 shows a b^sic synchro 
motor. Theautotransformerinputtothemotor 
simulates ttie output from a synchro genera- 
tor whose rotor is positioned at 0^. The 
arrows indicate the direction of current 



9-32. In figure 9*12 the phase of current in 
the stator windings has been reversed from 
that of figure 9-11 by switching leads from 
the autotransformer to the stators. Notice 
that the rotor has moved to the 180^ position 
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Figure 9-12 

in order to align the stator and rotor magne- 
tic fields. Two positions of the rotor can 
thus be obtained by changing the phase of the 
current in the three stator windings with 
respect to the phase of current in the rotor 
winding. To position the rotoranywhere other 
than 0"" and 180% it is necessary to vary 
either the relative amplitude or phase of 
current In the individual stators. In figure 
9-13, we have varied the amplitude of the 



Figure 9-13 

current in stator S3 by disconnecting it. 
The rotor now aligns with tl;e magnetic field 
that exists between stators S2 and SI. 

9-33. Figure 9-14 shows the effect of varsrlng 
both phase and amplitude in the stators. In 
A and C the rotor position has been changed 
by switching leads to the staters which in 
turn changed the relative amplitu^ies of cur- 
rent in the stators windings. 
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9-34, In figure 9-15, amplitude and phase 
of current is varied in one stator (S3) 
while stators S2 and 51 are held constant 
Positioning the variable tap on the auto- 
transformer will control the position of the 
rotor over a 60^ arc. When the variable 
tap is at position the rotor will be at 
the 60* position, -it M the rotor will be 
at the 30"" position, a*. P the rotor wilt be 
at the 0* position* Notice that, at position 
M, the current in S3 is zero. CUrrent 
through S3 will decrease as the variable tap 
is moved from position N toward position 
M, reverse phase as it passes through 
position M, and increase as it moves toward 
position P, 

9-35* Synchro Motor and Generator Con- 
nections 

9-36. When a generator and motor are 
properly connected, you have a complete 
Synchro system in which the motor shaft 
follows the generator shaft. The proper 
connections for a synchro system are shown 
in figure 9-16, Note that the rotors are 
connected so that both Rl terminals are 



connected to the same side of the supply 
line and both B2 terminals to the other. In 
this way, the two rotors have voltages applied 
which are identical in magnitude, phase, and 
frequency, 

9-37. Each motor lead is connected to its 
corresponding generator lead. Each stator 
winding of the motor has a voltage induced 
in it which is opposed by an equal voltage 
in the corresponding stator winding of the 
generator. Thus, no current will flow in the 
stator windings of either motororgenerator. 
The conditions showninfigure9-16exist when 
motor and generator rotors are the 0* 
position. Whenthe rotor positions are chringed, 
the voltages induced in the stators will change. 
However, if both motor and generator are in 
corresponding positions, no current mtUI flow 
in the stators atid no torque will be produced 

9-3S, Whenthe rotors are not in corresponding 
positions, the vdtag^ induced in corresponding 
stators w*ll NOT be equal and current will 
flow in the stator windings of both motor 
and generator. This is illustrated in figure 
9-17, The current flowing in the stators 
will cause a magnetlcfieldwhich will interact 
with the magnetic field around the rotors 
and cause a torque to be exerted on the 
rotors of both motor and generator* This is 
illustrated in figure 9-18, Notice that 
the torque is in opposite directions in motor 
and generator. Both torques try to turn the 
rotors toward corresponding positions, 

9-39. In a normal synchro system, the gene- 
rator rotor will be positioned by an external 
device. Therefore, only the motor rotor will 
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be free to turn toward a position of cor- 
respondence. Statorcurrentisalmost directly 
proportional to thp difference * in rotor 
positions. Maximum tov^ue is exerted at 
approxlniateiy 105'. TTiis Is aiustrated in 
figure 9-19A and B. 

9-40- Under normal operating conditions, the 
motor rotor will follow the generator rotor 
so that the difference in rotor positions is 
small. 

9-41* One synchro generator is sometimes 
used to position several synchro motors. 
The standard type of connection is shown in 
figure 9-20. 

9-42. In such a system the generator power 
miist be adequate to maintain a high degree 
of accuracy. If too many motors are con- 
nected, output voltages of the generator are 
reduced and excessive lag occurs in all the 



motors. If any one motor turns hard or 
becomes jammed, the accuracy of the whole 
system is decreased. 

9-43. Servoamplifier 

9-44. Most low power servomechanisms 
employ a two-phase induction motor to turn 
a remote indication device. A servoamplifier 
is used to obtain enough power to operate 
the servomotor in the correct direction and 
at proper speed. To analyze the relation- 
ship of the servoamplifier to a synchro 
system refer to figure 9-21. 

9-45. An input shaft mechanically drives 
the rotor of a synchro generator. The stator 
windings of the synchro generator are con- 
nected to the stator windings of the control 
transformer. A control transformer is a type 
of synchro which has both an electrical 
and a mechanical input and an electrical 
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output. The output from the rotor of the 
control transformer is an "error voltage." 
If the rotor of the control transformer is 
aligned with the rotor of the synchro genera- 
tor, then the error voltage will be zero 
volts. Therefore, the amplitude of the error 
voltage will be determined by the angular 
dlHerence between the input shaft and the 
rotor of the coatrd transformer. The phase 
of the error voltage will indicate the direction 
of rotation required to correct the error. 

9-46. The error voltage from tlie rotor of 
the control transformer is applied to the 
se rvoamplifle r. The se rvoamplifle r amplifies 
this voltage without shifting its phase. The 
load for the se rvoamplifle r is field coil A 
of the 2<-phase induction servomotor. Field 
coil B of the servomotor is energized at all 
times by the 115VAC reference voltage fed 
to the phase shifter. 'Hie amplitude of the 
voltage applied to coil ^ will determine the 
speed of rotation of the servomotor. The phase 
of the voltage will determine the direction 
of rotation, 

9-47. The servomotor mechanically drives 
the output shaft which ismechanlcaily coupled 
to the rotor of the control transformer. 
When the rotors of the synchro generator 
and control transformer are at the same 
angle, the error voltage will return to zero. 
^Vith noinputtotheservoamplifier,the servo-- 
motor will stop turning the output shaft. 
When this condition exists^ the system is 
aligned Figure 9*-22 illustratesatransistor*- 
ized se rvoamplifle r circuit. Inthispartlcualr 
system^ the two<-phase induction motor (M) 
is the servomotor. The speed and direction 
of the motor rotation vary as the phase and 
magnitude of the error signal input changes. 
The errorvoltage is amplified by transistors 
Ql^ Q3 and Q4 and is applied to the control 
winding (LI) of the servomotor (V). CoilL2 
of the servomotor is connected to the 115- 
VAC input reference through capacitor C6 
to obtain a 90^ phase difference between the 
voltages applied to the reference (L2) and 
control (Ll) windings in the servomotor. 
If there is no error voltage^ the motor 
remains stationary since onlyonephaseofthe 
voltage is being applied to the motor and no 
rotating magnetic field exists. If there is an 



error voltage, it Is an AC voltage which is 
either in phase or out of phase with the 
vdtage applied to the synchi'o generator. 
Thus, the voltage applied to control winding 
Ll either leads or lags the vdtage applied 
to reference winding L2 by 90*. This con- 
dition sets up a rotating magnetic field 
which causes the motor to turn in the proper 
direction to null the error voltage. 

9-48. A se rvoamplifle r consists essentially 
of two stages: an error ampIiHer (preampli*- 
fier) and a power amplifier. Let's look at 
the power output stage first. 

9-49. Transistors Q3 and Q4 are forward 
biased from the voltage divider network con- 
sisting of CR2, R8, CRl, and R7, This net- 
work is connected across the voltage source 
-VEE to +VCC' ^ t*i® voltage sources 
are equal (-Vee = 20V and -^^qq = +20V) 
and fi8 = R7, the voltage at point A will be 
zero volts with respect to ground. The for- 
ward bias on Q3 is equal to the voltage 
across CRl. The forward bias on Q4 is 
equal to the voltage across CR2. CRl and 
CR2 are used for temperature stability. 
Resistors R9 and RIO are small emitter 
resistors that also provide tempe rature 
stability. Under these conditions each tran- 
sistor is conducting a small amount. The 
current path is as follows: From -Vee 
through RIO^ Q4^ QS, to +Vcc^ There 
is no current through Ll at this time. 



9-50. Transformer Tl is connected so the 
signal applied to the base of each transistor 
is equal in amplitude but 180^ out of phase. 
Note the dots on the transformer. As one 
transistor conducts more^ the otherconducts 
less. 

9-51. Assume Q3 is forward biased and Q4 
is cut off. current flows fromgroundthrough 
Ll- R9, and Q3 to +V^^. Conversely, when 
Q4 is forward biased and 03 is cut off, 
current flows from-VEE^brotighRlO, Q4,and 
Ll to ground. This arrangement develops an 
AC signal across Ll. You can recognize 
th^s circuit as a push-pull amplifier. 

9-52, The error amplifier consists of Ql, 
Q2, and associated components. Resistors 
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HI and &2 provide forward bias for Ql. 
Resistors H3 and H4 provide forwardbias for 
Q2. H6 is for temperature stabilization. C2 
prevents degeneration across H6, R5 is used 
to provide coupling between Q2 and Ql. 

9-53. The circuit composed of Ql and Q2 
is called a "difterential amplifier." "Dif- 
ferential" pertains to or involves a dif-^ 
ference. A <^£ferentialan)plifler has two inputs 
and respond*? to the difference between then^ 
When the two inputs are alike (phase and 
amplitude)^ there is no output from the circuit 

9-54. One input to the differential amplifier 
is the error signal that is applied to the 
base of Ql. The other input signal^ taken 
from control winding LI (point A)^ is applied 
to the base of Qi, To explain the cperation^ 
we will first consider the circxiit when the 
rotor of the control transformer is aligned 
with the rotor of the synchro generator (no 
error voltage). 

9-^55. With no error signalgeneratedi neither 
Ql nor Q2 wlU have a signal inputs therefore^ 
the difference will be zero. Since Ql and Q2 
are both forward biased^ they will be 
conducting the emitter current of each tran- 
sistor flow through f15 and fl6. The voltage 
on the emitter is dependent on the conduction 
of Ql and Q2. A change in conductionof either 
transistor will affect the other (emitter- 
coupled), 

9-56. Now, suppose the synchro generator 
rotor is turned so it is no longer aligned 
with the control transformer rotor. Anerror 
signal is generated which is applied to the 
base of Ql. If the input signal is positive^ 
Ql will conduct harder and develop a negative 
going signal on its collector. Observing the 
phasing dots on Tl^ the positive alternation of 
the signal is applied to the base of Q3 which 
will conduct harder. As Q3 conducts harder, 
current wUl flow from ground through LI 
developing a positive voltage at point A, The 
servomotor starts turning. The voltage at 
point A is fed back to the base of Q2 through 
HU and across C4. and C4 are called 



^'feedback" components. The signal on the 
base of Q2 is smaller than at point A and 
it is delayed by the action of and C4. 
From the base of Q2, the signal is coupled 
to the emitter of Ql. At this Ume Ql has 
two input signals; one is the error Signal 
and the other is the delayed signal from 
point A. The output of Ql will be the dif- 
ference between these two signals. 

9-57. When the Input signal is on its negative 
alternation^ Ql will conduct less and develop 
a positive signal on its collector. This signal 
feeds through Tl to cause Q4 to conduct 
harder. The current flows from -V^g through 
BlOp Q4 and Ll to ground. The positive and 
negative alternations of the error signal 
input cau^e Q3 and Q4 to conduct alter-^ 
nately. Q3 and Q4 form the push-pull ampli- 
fier^ which provides the alternating current 
required l]y Ll to rotate the motor. 

9-56. The amplitude of the error signal 
input determines the amount of current 
through Ll. This determines the speed of the 
motor. The phase of the input signal deter^ 
mines the phase of Ll current. If this cur- 
rent leads the current through L2, the motor 
rotates in one direction; if it lags^ the motor 
rotates in the reverse direction. 

9'59. When the control transformer rotor 
approaches alignment with the synchro gene-^ 
rator rotor^ the error signal becomes smaller. 
As soon as the control transformer rotor is 
exactly aligned with the synchro generator 
rotor, the error signal is zero. At this time 
the circuit is in its original stable condition. 

9-60. The signal that is applied to the base 
of Q2 is needed to fix amplifier gain and 
reduce output impedance, Thegainof a servo- 
amplifier should be the same for starting the 
motor as for running it. The signal applied 
to the base of Q2 ensures that the gain 
remains constant for these conditions. This 
feedback signal also lowers the output 
impedance of Q3-Q4 so that it matches the low 
impedance of Ll. 
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OVERVIEW 



1. SCOPE: Solid state power supply recti- 
fiers change AC topulsatingDC,w{iichisthen 
filtered. The resulting DC voltages are used 
for transistor operation and other require- 
ments in electronic equipment. In general, 
there are three types of rectifiers* These 
are the half- wave, full- wave, and bridge 
rectifier. This chapter discusses these three 
types plus a three-phase full-wave rectifier* 

2* OBJECTIVES: Upon comoletioa of this 
module, yoj should be able to satisfy the 
following objectives: 

a* Given the schematic diagram for an 
unfiltered semiconductor half-wave rectifier, 
effective AC input voltage, input frequency, 
and a list oX statemants, select the state- 
ment that describes and/or identifies the 

(1) current path* 

(2) output ripple frequency. 

(3) peak output voltage. 

(4) output waveform. 



b* Given the schematic diagram for an 
unfiltered semiconductor full-wave rectifier, 
eff'^ctive AC Input voltage, input frequency, 
and a list of statements, select the state- 
ment that describes an/or identifies the 

(1) current paths. 

(2) output ripple frequency. 

(3) p:sak output voltage. 

(4) output waveXorm. 

c. Given the schematic diagram for an 
unfiltered semiconductor bridge rectifier, 
effective AC input voltage, input frequency, 
and a list of statements, select the state- 
mi»nt that describes and/or identifies the 

(1) current paths* 

(2) output ripple frequency* 

(3) peak output voltage. 

(4) output waveform. 

d. Given the schematic diagram for an 
unfiltered semiconductor three-phase recti- 
fier (full-wave), effective AC input voltage, 
input frequency and a list of statements, 
select the statement that describes and/or 
identifies the 



Supersedes KEP-GP-34, dated 1 Jurt3 1974, 



(1) current paths. 

(2) output ripple frequency* 

(3) peak output voltage. 

(4) output waveforiiip 

Given a list of statements, select the 
one that describes the effect of filtering on 
half or full-wave rectification, 

f. Given a schematic diagram of a semi- 
conductor voltage doubler and the effective 
AC voltage , determine the peak output voltage . 



LIST OF RESOURCES 

To satisfy the objectives of this module, 
you may choose, according to your training, 
experience, and preferences, any or all of 
the following: 



READING MATERIALS: 
Digest 

Adjunct Guide with Student Text V 



AUDiO- VISUALS: 

Television Lesson 30-30LA, Filters and 
Pow3r Supplies 

Television Lesson 30-307, Voltage Doubler 
Television Lesson 30-236, Bridge Rectifiers 



LABORATORY EXERCISE: 

Laboratory Exercise 34-1, solid State 
Power Supply Rectifiers and Filters, 



AT THIS POINT, IF YOU FEEL THAT 
THROUGH PREVIOUS EXPERIENCE OR 
TRAINING YOU ARE FAMILIAR -ViTH 
THIS SUBJECT, YOU MAY TAKE THF 
MODULE SELF-CHECK. IF NOT, SELECT 
ONE OF THE RESOURCES AND BEGIN 
STUDY. 



CONSULT YOUR INSTRUCTOR IF YOU 
NEED HELP. 



ADJUNCT GUIDE 




INSTRUCTIONS: 

Stlidy the referenced material as directed. 



Return to this guide and answer the 
questions. 



Check your answers against the answers 
at the back of this Guidance Package* 



Contact your instructor if you experience 
any difficulty. 



Begin the program. 



All electronic equipment requires power 
to operate regardless of its function or size. 
The power source Is usually referred to as 
the power supply section or unit, and although 
there are many different types and sizes, 
they all function generally the same. 

The primary function of the power supplies 
you are about to study is to provide direct 
current and voltage to other electronic cir- 
cuits for their operation. This is accom- 
plished by converting alternating current 
(.\C) to direct current (DC) by moans of 
rectification, filtration, and in many cases 
regulation. 

The imix)rtance of power supplies should 
be obvious. 'J^ithout the correct voltage and 
current levels available to the circuits^ 
equipment could not function. 

The first chapter of your text covers 
voltage rectification by various types of 
rectifiers. You should study the textm.iterial 
carefully and be able to explain the operation 
of each type. 

A. Turn to the Student Text, Volume V, 
and read paragraphs l-l through 1-20. Return 
to this page and answer the following questions* 
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L. By definition, a rectifier is a device 
which changes ^to 



2. An ideal rectifier is one that offers 



If you were selecting a diode for a 
circuit which has a peak inverse voltage 
^f 282*8 volts, what must the minimum break** 
down voltage rating for the diode be? 



impedance to the flow 
of current in one direction -'"^ 
impedance to the flow of current in the 
opposite direction* 

3. True or False. A simple half-wave 
rectifier consists of a source of AC power, 
a diode and a load resistor. 

4* A rectifier circuit with a "Large Load" 
implies that Rl is , tlarge/smain. and the 
circuit current is ■fh^Eh/ln\tfh 

5. True or False. In a half-wave rectifier, 
currem flows during tx>th halves of the input 
wave, 

6, In a half-wave rectifier circuity what 
is the peak output voltage equal to? 



10* In a half- wave rectifier circuit, how many 
output pulses will be generated foreach cycle 
of the applied AC signal? 



11. True or False* The output ripple 
frequency of a half^wave rectifier will be 
equal to the frequency of the applied AC 
signal* 

12* Trace the current path through the cir- 
cuit in figure 34-1 for the negative alter- 
nation of the AC input. 

13* Draw the output voltage waveform with 
voltage levels for the circuit in figure 34-1. 



7* Calculate the peak output voltage for the 
circuit shown in figure 34-1* 




Figure 34-1, Half-*Vave Rectifier 
8. The peak inverse voltage across the diode 
in a half- wave rectifier is equal to 



CONFIRM YOUR ANSWi^RS ON THE BACK 
PAGES, 



B. Turn to Student Text, Volum* V, and 
read paragraphs 1-21 through 1-27. Return 
to this page and answer the following questions, 

1* True or False* A full-wave rectifier 
permits current to flow the same direc- 
tion through the load resistor during both 
alternations of the AC ii^put. 

2* What difference exists in the trans- 
former secondary of a full-wave rectifier 
from that of a half-wave rectifier? 
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3. True or False, Both diodes conduct at 
the siuiio timo in a full- wave rectifier, 

4, How can the output polarity of a full* 
wave rectifier be changed? 



IL Trace the current paths through thecir-* 
cult in figure 34-2 for both alternations of 
the AC input > 

12. Draw the output waveform lor the cir- 
cuit in figure 34-2- 



|5( 



5. Wliat Is the ripple frequency of a full- 
wave rectifier if the input frequency is 
60 hertz? 



6* Wliat is the ratio of ripple frequency 
output to signal frequency input in a full- 
wave rectifier? 



7> '^Vhat is the peak inverse voltage of a 
full-wave rectifier with a peak outputvoltage 
of 200 volts? 



8> Wnat is the average output voltage from 
a full-wave rectifier if the peak output Is 
200 volts? 



CONFIRM YOUR ANSWERS ON THE BACK 
PAGES> 

C, Turn to Student Text, Volume V, and 
read paragraphs 1-28 through 1-34- Return 
to this page and answer the following 
questions. 

I* How does the transformer secondary for a 
bridge rectifier differ from that of a fuU- 
wave rectifier? 



■ 2. How many diodes are required for a 
bridge rectifier? 

9> What is the advantage of a full-*wave 

rectifier over a half-wave rectifier with the , 

same peak output voltage? 

3- True or False. In a bridge rectifier, 
current will flow through two diodes during 
each half of the input signaL 

10> Calculate the peak output voltage for 

the circuit In figure 34-2- 4. Wnat is the output ripple frequency of 

a bridge rectifier with a 60 hertz input 
signal frequency? 




5« The peak inverse voltage of a bridge 
rectifier with a 200 volt peai^ outDut is 



6. True or False. Peak Inverse voltage 
for a half-wave, full-wave^ and bridge recti- 
fier is the peak voltage applied across the 



Figure 34-2- Full-Wave Rectifier entire secondary of the input transformer- 
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7* True or False* To change the output 
polarity of a bridge rectifier^ it would be 
aecessary to reverse oaly oae pairof diodes* 

6. Calculate the peak output voltage for 
the circuit la figure 34-3, 



9* Trace the curreat path through the cir- 
cuit iQ figure 34-3 for both alteraatlons of 
the AC input, 

10. Draw the output waveform with voltage 
levels for the circuit In figure 34*2, 




Figure 34-3. Full-Wave Bridge Rectifier 

CONFIRM ^OUfi ANSWERS AT THE BACK 
OF THE BOOK, 



jj. Turn to Student Text, VoluraeV^ and 
read paragraphs 1-35 through 1-43. Return to 
this page and answer the following questions. 

1* What Is the phase angle between each of 
the three Inputs to a three-pahse rectifier? 



2, Assuming equal number of turns In the 
transformer, a delta~wound primary with a 
wye- wound secondary steps up the 



3- With equal windings, a wye primary vdth 
a delta secondary steps v£p the 



4, The ripple frequency output of a three- 
phase rectifier with a 60 hertz input is 



5. True or False, To change the output 
polarity of a three-phase rectifier, it is 
necessary to reverse each diode. 

6. By comparison to single phase rectifiers^ 
the ripple amplitude in the output voltage of 
a three phase rectifier is 



7. Calculate the peak output voltage for the 
circuit in figure 34-4. 



6- Trace the current path through the cir- 
cuit In figure 34-4 wlien terminal ''B" is 
positive (f) and terminal "C" is negative 
(-). 

9. Draw the output waveform for all three 
p; ases of the rectifier shewn in figure 
34-4< Label the minimum and maximum 
(peak) voltages. 




LOAD 



Figure 34-4* Three- Phase Full-Wave Rectifier 

CONFIRM YOUR ANSWERS ON THE BACK 
PAGES. 
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E. Turn to Student Text> Volume V, and 
read paragraphs L-*44 through 2-L8. Return 
W this page and answer the following 
questions. 

L. The primary purpose of power supply 
filters is to convert n to 



2. How does a filter affect the aniL^litude 
of the ripple voltage in the output of a 
rectifier? 



3. The ideal capacitive filter would have a 



charge time and 



1. Comparing LC and RC Pi filters, the 
Pi filter yields the 



highest output voltage and best voltage regula- 
tion. 

2* Nanit^ the three comv»onentjy of an LC 
Pi-Type filter. 

3. True or False. Pi-Type filters are 
always capacitive input filters* 

CONFIRM YOUR ANSWERS ON THE BACK 
PAGES. 



G* Turn to Student Text, Volume V> and 
read paragraphs 2-25 through 2*33. Return 
to this page and answer the following 
questions. 



discharge tim<3. 



1. True or False, 
converts AC to DC. 



A voltage doubler 



4. True or False. Simple capacitive filters 
are not sufficient for rectifiers that must 
supply a large load current. 

5. True or False. Inductive filters used in 
rectifier circuits are placed in series with 
the load- 
er True or False. The advantage of a 
capacitive input filter compared to an in- 
ductive input filter is that the capacitor can 
charge faster to a higher voltage. 

7. ^^nen compared to capacitive input filters, 
inductive input filters frivea ^ fhigher/lnwarK 
output voltage and ^ ff^^nd/fair^. voltage 
regulation. 

8. Capacitive input (LC) filters give 
(hi her/In werK output voltage but 
,(]pggyTnnr<^K voltage regulation^ w:ien com- 
pared to inductive input filters. 

CONFIRM YOUR ANSWERS ON TflE BACK 
PAGES. 



F. Turn to Student Text^ Volume V, and read 
paragraphs 2-19 through 2-24. Return to 
this page and answer the following questions. 



2. The output voltage of a voltage doubler 
with a peak secondary voltage of 100 volts is 



3. The output ripple frequency of a voltage 
doubler with a 60 Hz input wUl be 



CONFIRM 
PAGES. 



YOUR ANSWERS ON THE BACK 



H. Turn to laboratory exercise 34-1 and 
complete all sections- You will notice that 
the exercise is arranged in the same logi- 
cal sequence as the material in the student 
text. Now you Will be able to put into practice 
what you learned in theory by actually per- 
forming and observing the results in the 
actual circuit. Keep in mind that this is the 
most imiwrtant part of your training for the 
end rtf3\ilt is measured by how well you can 
work on the actual circuits* 

UPON COMPLETION OF LABORATORY 
EXERCISE 34- 1 , YOU MAY STUDY 
ANOTHER RESOURCE OR TAKE THE 
MODULE SELF-CHECK. 
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LABORATORY EXERCISE 34- 1 
OBJECTIVES: 

1. Given a Rectifier/ Filter trainer, 
schematic diagram, oscilloscope, and malti-* 
meter, measure the output ripple amplitude 
and frequency of an iinfiltered half-wave and 
full-wave ractifier. 

2. Given a Rectifier/Filter trainer, 
schematic diagram, oscilloscope, and multi- 
meter, measure the output voltage and ripple 
amplitude of a filtered half-wave and full- 
wave rectifier. 

EQUIPMENT: 

1* LC-RC Filtering Characteristics, 
Trainer #4865. 

2. Oscilloscope with 10:1 attenuator probe. 

3. Multimeter. 

REFERENCES: 

Student Text, Volume V, Chapters 1 and 2* 

CAUTION: OBSERVE BOTH PER- 
SONNEL AND EQUIPMENT SAFETY 
RULES AT ALL TIMES. REMOVE 
WATCHES AND RINGS, 

PROCEDURES: 

1, Analysis of the trainer 

a. The trainer incorporates switching 
arrangements and a rheostat for: 

(1) Changing from half-wave to full- 
wave rectification (S102). 

(2) Selection of different filter combi- 
nations (S103, S104, S105). 

(3) Varying load resistance (R104). 

2. Preparation of the equipment: 



a. OSCILLOSCOPE 
CONTROLS 

(1) POWER 

(2) VERTICAL 
MODE 



POSITION 



ON 



(3) VOLTS/dIV 

(4) POLARITY 

(5) TRIGGER 
SELECTOR 

(6) MODE 



5 Calibrated 
Normal AC 
Line 1- 

Auto 



(7) HORIZONTAL Normal 
DISPLAY 



(8) TIME/dIV 

(9) FOCUS 
and 

INTENSITY 



5 milliseconds, 
calibrated 

Well Defined 
Sweep 



b. Trainer to the Oscilloscope: 

(1) Ground oscilloscope to trainer at 

TPIU. 

(2) Connect Channel Aprobe to TP108 
10:1 attenuator probe. 



c. MULTIMETER 

CONTROLS 

(1) FUNCTION 

(2) RANGE 

(3) NEGATIVE 
LEAD 

(4) POSITIVE 
LEAD 

d. TRAINER 
CONTROLS 

(1) SlOl 

(2) S102 

(3) S103 

(4) S104 

(5) S105 

(6) R104 



POSITION 

20 k ohm/volt 

250 volt 

Trainer ground 
TP107 

Trainer TP106 



POSITION 
OFF 

HW (RIGHT) 

0 (CENTER) 

SHORT (CENTER) 

0 (CENTER) 

FULLY CLOCK- 
'ViSE 



1G3 

6 



3. Activity 

a* With the trainer set up to functionas 
a half*wave unfiltered rectifier, and 140 
V AC, 60 hertz, input to the rectifiers, 
calculate and draw 3 cycles of the output 
waveform on Graph #1 showing the output 
voltage, ripple amplitude, and frequency tlxat 
should appear at TP108* (Use formulas to 
determine the o^aveshape amplitude*) 
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GRAPH *1 

b. Turn SlOl to the ON position^ 

c. Measure and record the output* 
(1) Multimeter 



(2) Oscilloscope 



"^av 



^pk 



(3) Number of positive pulses 
NOTE: 



(1) Ttie oscilloscope probe attenuates the 
signal by a factor of 10* To calculate the 
actual output voltage, multiply by io» 

(2) Formulas to assist you during the 
laboratory exercise*. 



peak Voltage =E^jj^^^^^^X 1.414 

Average Voltage = E .X *318 (For 
H.W. Rectifier) 



Average Voltage = E ^ X *636 (For 
F- W^Hectifier) ^ 



EXAMPLE: 

5 VOLTS/DIV setting 

3 cm amplitude observed on the oscilloscope 
5x3 = 15 volts 

15 X 10 (probe atten*) = 150 volts (actual) 

(3) Hippie amplitude is equal to the peak 
output voltage in unfiltered power suppUes* 

d* Draw the output waveform that appears 
on the oscilloscope on graph #2, show ripple 
aniplitude and frequency. 
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GRAPH "2 
HALF -WAVE UNFILTERED 

e. Compare graphs #1 and #2 to check 
your calculations -with actual measuremeata. 
If they do not agree, recheck your calcu- 
lations . 

4. Activity 

a. Set up the trainer to function as a 
full-wave unfiltered rectifier by setting the 
switches and controls to the f oltowing positions. 



CONTROL 

(1) SlOl 

(2) S102 

(3) 'SI 03 

(4) SI 04 

(5) SI OS 

(6) R104 



POSITION 

OFF 

FW 

0 (CENTER) 
CENTER 
0 (CENTER) 
FULLY CLOCKWISE 
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NOT£. Leave the test equipment hookup 
and switches in the same positions as pre- 
viously stated for half-wave rectification. 



b. Calculate and draw 3 cycles of the 
output waveform on graph #3, showing the 
output voltage, ripple amplitude, and fre* 
quency that should appear at TP108, with 
140 V AC, 60 hertz, input to the rectifiers. 
(Use formulas to determine ampUtudeO 



e. Compare graphs #3 and #4 to check 
your calculations with actual measurements. 
If they do not agree, recheck your calculations. 

5. Activity 

a. Measure the output voltage and ripple 
amplitude of a filtered half-wave rectifier. 

(I) Change Sl02tothe half*wave position 
(HW) 
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GRAPH ^3 



c. Turn SlOl to the ON position and 
measure and record the output. 

(1) M'Jltimeter = V^v 

(2) oscilloscope = Vpi^ 

(3) Number of Positive Pulses 



d. Draw the output waveform that appears 
on the oscilloscope on graph #4. Show ripple 
amplitude and frequency. 
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(iKAPH ^4 
F=ULL-WAVE UNFILTERED 



(2) Change SI 05 to the 5/iF position and 
observe the effect of adding a capacitive 
filter to the rectifier. 

(3) Measure and record the output 
waveform: 

(a) Multimeter = V^^ 

(b) Ripple Amplitude l^pk-pk 

(4) Draw the output wavefortn that 
appears on the oscilloscope on graph #5 
Show the values for Epk and E^v *^te 
the result by adding the 5/iF capacitor. 
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GRAPH i»5 
HALF-WAVE FILTEREO 

(5) By comparing graph #2 (H Vunfiltered) 
with graph #5 (H'V filtered), what effect 
did adding the 5/iF capacitor have on: 

(a) Output voltage (Eav)? 

■ by — ^— volts 

(b) Ripple AmiDlitude (Epk-pk) 
I by volts 

IB 3 



8 



(6) Change S105 to the 20^F position 
and measure the effects of increasing 

capacitance: 



(a) MiiLtimeter ^ 



(b) Ripple Amplitude = 



Vav 

•Vpk-pk 



(7) Draw the waveform that appears on the 
oscilloscope as a result of increasing the 
capacitance to 20^F on graph #6 
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GRAPH ^6 
HALF-WAVE riuTERED 



(6) By comparing graph #6 with graph 
#5, what effect did increasing the capacitance 
to 20^F have on: 

(a) Output voltage (Eav)'^ 

I by „ volts 

(b) Ripple Am^^litude (Epfc-pk)? 

, by . volts 

d- Rotate R104 fully counter-clockwise and 
observe the effects of decreasing the load. 



(1) Mdltim'?ter 



(2) Ripple A-nplitudex 



-Vav 
Vpk-pk 



(3) Draw the waveform that appears on 
the oscilloscope as a result of decreasing 
the load on graph #7. 
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GRAPH ff? 
HALF-ffAVE FJLTEREO 
(DECREASED LOAD) 



(4) By com^^arison of graphs #6 and 
#7t what effect did decreasing the load have 
on; 

(a) Output Voltage iE^y)1 

- by - volts 

(b) Ripple Amplitude (Ep^^pk)^ 
■ by ■ volts 

6. Activity 

a« M«^asure the output voltage and ripple 
amplitude of a filtered full-wave rectifier* 

(1) Turn R104 fully clockwise. 

(2) Change S102 to the full-wave (FW) 
position. 

(3) Change S105 to the 5^F positionand 
observe the effects of adding a capacitive 
filter to the rectifier. 

(4) Mi^asure and record the output 
waveform: 



(a) Mviltimeter ^ 



-Vav 



(b) Ripple Amplitude 



Vpk^pk 



9 

IGS 



(5) Draw the output waveform that 
appears on the oscilloscope on graph #8, 
Show the values for and E^y and note 
the results of adding the capacitor. 
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GRAPH #8 
FULL-^WAVE FILTERED 

(6) By comparing graph #4 (FW un- 
filtered) with graph *a (FW filtered) what 
effect did abiding t^e 5/iF capacitor have on: 

(a) Output voltage (E^y)? 

- ^ by , volts 

(b) Ripple amplitude (Epk-pk)? 
by ^ volta 

(7) Change S105 to the 20uF position 
and measure the effects of increasing 
capacitance: 



(a) Multimeter = 



'av 



(b) Ripple Amplitude 



^pk-pk 



(8) Draw the waveform that appears on 
the osci lloscope as result of increasing 
the capacitance to 20/iF on graph #9. 



GRAPH ^9 
FULL-WAVE FILTERED 



(9) By com*jaring graph #8 to graph 
#9) what effect did Increasingthe capacitance 
to 20/iF have ou: 

(a) Output voltage (E^y)? 
by , volts 

(b) Ripple amplitude (Ep^^.p^c)? 
by , volts 



b* Rotate R104 fully counter-clockwise 
and observe the effects of decreasing the 
load* 



(1) Multimeter 



*^av 



(2) Ripple Amplitude = 



'^pk-pk 



(3) Draw the waveform that appears on 
the oscilloscope as a result of decreasing 
th. load on graph #10. 
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GRAPH tflO 
FULL-WAVE FILTERED 
{DECREASED LOAD) 



(4) By comparison of graphs #10 and 
#9, what effect did decreasing the load have 

on; 

(a) Output voltage (E^y)? 

- by , volts 

(b) Ripple Amplitude (Epk-pk)? 
by . ■ > volts 
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7. Activity 



(a) HALF-WAVE: 



a. Observe the effect of a choke iaput 
LC filter OQ a half-wave and full-wave 
rectifier and measure its output. 

(1) Remove the 10:1 oscilloscope probe 
and replace it with the 1:1 probe. 

(2) Rotate R104 to the fully clockwise 
pDsltion. 

(3) Switch S104 to the L-101 position 
and measure the output: 

(a) H^XF-WaVE: 

Multimi^ter - 



Multimeter 



'av 



Ripple Amplitude 
(b) FULL-WAVE: 
Multimf^ter = 



^pk-pk 



Ripple Amplitude 



Vav 

- Vpk-pk 



b. Observe the effect of a pi LC filter 
on a half**wave and full-wave rectifier and 
measure its output* 

(1) Change S103 to the 20^F position 
and measure the output: 



(a) HALF-^VAVE: 
Multimeter = ^ 



Vav 



Ripple Amplitude 
(b) FULL-WAVE: 
Multimeter - — 



Vpk-pk 



'av 



Ripple Amplitude 



Vpk-pk 



c. O'oserve the effect of a Pl Rc filter 
on a half-wive and full-wave rectifier and 
measure its output* 

(I) Change S104 to the R102 posi- 
tion and measure the output: 



Vav 



Ripple Amplitude 
(b) FULL-WAVE: 
Multimeter = — 



Vpk-pk 



'av 



Ripple AmpUtuae 



Vpk-pk 



d* Observe the effect of increasing the 
size of the resistor in a Pi RC filter. 

(I) Change S104 to the RlOl position 
and measure the output. 

(a) HALF-WAVE: 
Multimeter = 



'av 



Ripple Amplitude 

(b) FULL-WAVE: 
Multimeter ~ — 



Vpk-pk 



Vav 



Ripple Amplitude 



Vpk-pk 



CONFIRM THE LABORATORY EXERCISE 
RESULTS WITH THE INSTRUCTOR. 



MODULE SELF-CHECK 



QUESTIONS: 

I* In a half-'wave rectifier circuity what is 
the output peak voltage equal to: 



11 



168 




CR1 



Figure 34-5. Half-Wave Rectifier 

2* Calculate the pea^ output voltage for the 
circuit in figure 34-5. 



n 



to HZ \_/ 




Figure 34-7* Full-Wave Bridge Rectifier 

6. Calculate the peak output voltage for the 
circuit in figure 34-7. 



I(p0 



3. What is the output peak voltage of a 
fuU-wave bridge rectifier equal to? 



7. Identify the ripple frequencies for 
following rectifiers with 60 Hz inputs* 



Half-wave 



Full- wave 



PPS 




CRl 



CR2 



Figure 34-6. Full-Wave Rectifier 

4* Calculate the peak output voltage for the 
circuit in figure 34-6. 



Full-wave Bridge 



PPS. 



6. Identify the direction of current flow in 
figure 34-5 by listing tlie coni|X>nents in proper 
order starting w^th R^- 



9, Select the correct output waveform from 
figure 34-8 for the half-wave rectifier shown 
in figure 34- 5 > 



5- What is the peak output voltage of a 
full-wave bridge rectifier equal to? 



10* Select the statement that correctly 
describes an operation that occurs during 
the positive alternation of the input to figure 
34-6. 

a. CR-l and CR-2 conduct at the same 

time. 

b. Current flow^ through Rl, CRl and 

the top side of Tl secondary to the center tap. 



ERIC 
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L L . Select the correct outpat waveform from 
figure 34-8 for the (ull-wave rectifier show*i 
in figure 34-6. 



a. CHI and CR2 



b. Cft2 and CR4 



12. From figure 34-7^ select the diodes 
w;iich will conduct to control the direction of 
current flow through Rl during the nega- 
tive alternation of the input. 



c, CR3 and CR4 
_ d. Cft2 and CR3 

13» Select the correct output waveform 
from figure 34-8 for the full-w^ve bridge 
rectifier show!i in figure 34-7. 




14. Select the correct pair of diodes in 
figure 34-9 that will conduct when terminal 
A of the transformer is positive and termi' 
nal C is negative. 

a* CRl and CR2 

b. CR4 and CR5 

„ c. CR3 and CR6 

d. CRl and CR4 




Figure 34-9* Three Phaso Bridge Rectifier 




INPUT 




07 



OUTPUT 



Figure 34-10. Waveforms 
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15. Select the correct output v^aveforro from 
figure 34-10 for the three phase rectifier 
shown figure 34-9. 



17* What is the output ripple frequency of a 
three-phase bridge rectifier with a 60 Hz 
input? 



16. Select the statement that describes the 
effect of filtering on the output of a 
rectifier. 

a. Filters reduce the amplitude of the 

ripple voltage. 



b* Filters increase the peak output 

voltage* 



c. Filters are used to reduce the peak 

output voltage. 



d* Filters are used for impedance 

matching. 



18* From the values given in the voltage 
doubler circuit in figure 34-11, determine 
the peak output voltage* 



C2 



— REP4-312 

Figure 34-11. Voltage Doubler 

CONFIRM YOUR ANSWERS ON THE BACK 
PAGES. 
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ANSWERS TO A - ADJUNCT GUIDE 

1. AC to Pulsating DC 

2. Zero» infinite 

3. True 

4. Small, high 

5. False 

6. the peak voltage of the secondary 

7. UOV X U414 = 155.5 V Peak 

8« the peak voltage across the secondary 

of the transformer 
9« 282«8 volts 
One 
True 



10. 
IL 
12. 




13. 




-»(55w5 « 



If you missed ANY questions, review 
the material before you continue* 



ANSWERS TO B - ADJUNCT GUIDE 



K True 
2* center tapped 
False 

by reversing both diodes 
120 pps 

2 pps to 1 hertz 
7* 400 volts 

8. 127*2 volts 

9. simple filtering 
UOV X 1/2 » 55 X K414 = 77*8 V 

peak 



3. 
4* 
5. 
6* 



10. 



IK 



CHI/ 




12. 



7 7.SV 




OV^ 1 



If you missed ANY questions, review 
the material before you continue* 



ANSWERS TO C - ADJUNCT GUIDE 

1* Does not require a center-tapped 

secondary 

2, four 

3* True 

4* 120 pps 

5. 200V 

6. True 
1. False 

8. UOV X 1*414 = 155.5 V Peak 
9. 




If you missed ANY questions, review 
the material before you continue* 



ANSWERS TO D - ADJUNCT GUIDE 



I, 


120' 


2. 


voltage 


3. 


current 
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4. 360 pps 
5* True 

6. small 

7. lOOV Pfc (input) X L732 = 
173.2 V Pa (output) 

8. 




OV 



If you missed ANY questions* review 
the material before you cohtlmie« 



ANSWERS TO E * ADJUNCT GUIDE 

1. pulsating DC to smootb DC. 

2* decreases 

3* short, long 

4. True 

5. True 



6. True 

7. lojver, good 

8. higher, less 

If you missed ANY questions, revlewthe 
material before you continue* 



ANSWERS TO F - ADJUNCT GUIDE 
U LC 

2* Two capacitors and one coil. 
3* True 

If you missed ANY questions, review 
the material before you continue* 



ANSWERS TO G - ADJUNCT GUJfDS 

1. True 

2. 200 volts 

3. 120 pps 

If you missed ANY questions, review 
the material before you continue* 



ANSWERS TO MODULE SELF*CHECK 



I. 


Peak voltage of the transformer 




secondary. 


2, 


100 VAC X 1.414 = 141.4 Vp 


3. 


Peak voltage of the transformer 




secondury. 


4. 


200 VAC X 1/2 = 100 VAC (ezch 




half of secondary) x 1,414 = I4I.4Vp 


5. 


Peak voltage of the transformer 




secondary. 


6. 


200 VAC X 1-414 = 282.8 Vp 


7. 


60 pps, 120 pps, 120 pps 


8. 


Rl CRI and TI Secondary, 


9, 


A 


10, 


B 


II. 


C 


12. 


c 


13, 


H 


14. 


b 


15. 


C 


16. 


a 


17. 


360 pps 


18. 


565,5 V 



17 
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HAVE YOU ANSWERED ALL THE QUESTIONS CORRECTLY? IF NOT REVIEW THE MATERIAL 
OR STUDY ANOTHER RESOURCE UNTIL YOU CAN ANSWER ALL THE QUESTIONS CORRECTLY. 
IF YOU HAVE, CONSULT YOUR INSTRUCTOR FOR FURTHER INSTRUCTIONS. 
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ELECTRONIC PRINCIPLES 

MODUi£ 35 
SOLID STATE PO'VER SUPPLY REGULATORS 
This Guidance Package Is designed to guide you through this module of the Electronic 
Principles Course* This Guidance Package contains specific Information, Including references 
to other resources you may study, enabling you to satisfy the learning objectives* 

CONTENTS 



T1T1£ 

Overview 
List of Resources 
Adjunct Guide 
Laboratory Exercise 
Module SeU-Check 
Answers 
OVERVIEW 

1* SCOPE: Because the amplitude of DC 
supply voltage Is critical In some equip- 
ments, the use of voltage regxilators may be 
necessary* These circuits can maintain the 
output of a power supply at a predetermined 
voltage, even with changes of load or the 
Input AC* This chapter discusses zener 
diode shunt regulators and electronic series 
regulators « 

2* OBJECTIVES: Upon completion of this 
module, you should be able to satisfy the 
following objectives: 

a« Given a schematic diagram of a zener 
diode shunt regulator and a list of statements, 
select the statement which describes 

(1) current path* 

(2) purpose of the series resistor* 

b* Given a schematic diagram of aserles 
electronic voltage regulator and a list of 
statements, ^«elect the statements which give 
the effect on output voltage when the adjust- 
ment control is varied. 



PAGE 

1 
1 
1 
3 
7 
10 

LIST OF RESOURCES 

To satisfy the objectives of this module, 
you may choose, according to your training, 
experience, and preferences, any or all of 
the following: 

READING MATERIALS: 

Digest 

Adjunct Guide with Student Text V 

AUDIO- VISUALS: 

Television Lesson 30-361, Voltage 
Regulators (Solid State) 

LABORATORY EXERCISE: 

Laboratory Exercise 35-1, Solid State 
Power Supply Regulators 

AT THIS POINT, IF YOU FEEL THAT 
THROUGH PREVIOUS EXPERIENCE OR 
TRAINING YOU ARE FAMIUAR WITH 
THIS SUBJECT, YOU MAY TAKE THE 
M0DU1£ SELF-CHECK* IF NOT, SE1£CT 
ONE OF THE RESOURCES AND BEGIN 
STUDY* 

CONSULT YOUR INSTRUCTOR IF YOU 
NEED HELP* 



Supersedes K£P^GP-35 dated 1 June 1974. Stodcs on hand will be used. 
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ADJUNCT GUIDE 



INSTRUCTIONS: 



2* The reversevoLtageatwhicbtheavalancbe 
eWect occurs in a zener diode is called the 



Study the referenced materials as directed. 

Return to this ^de and answer the 
questions. 

Check your answers against the answers 
at the back ot this Guidance Package* 

Contact your instructor if you experience 
any difficulty. 

Begin the program « 



In the previous module you learned how 
power supplies converted AC to DC by 
rectification, reduced the DC ripple ampli- 
tude by filtration, and supplied the resultant 
DC to other circuits or loads* you also 
learned that the DC output of a power 
supply could be caused to vary by either a 
change in the input voltage or a change in 
load current requirements* 



3« With forwardbi:^ the zenerdiode operates 

the same as a . 

4. In a zener voltage regulator circuit with 
the diode placed in parallel with the load and 
in series with the current Lirolting resistor, 
the voltage delivered to the load is controlled 

by 

5* Several regulated voltages canbeobtained 
from a single rectifier power supply by 
connecting several zener diodes in series* 
(T) (F) 

6. What type of circuits are used in con- 
junction with zener diodes in voltage regula- 
tors to overcome the zener's limitation? 



In either case, many electronic circuits 
operate satisfactorily with a moderate amoxint 
of deviation in the supply voltage. Other 
circuits are very critical and will not 
operate satisfactorily with even a slight 
amoxint of supply voltage deviation, with new 
generations of equipment this will become 
even more critical. Thus, the normal varia- 
tions in power supply output yfin be unsatis- 
factory and will require the use of voltage 
regulating circuits and devices in most 
all power supplies* 



7. ^Wiat are the two main limitations of 
zener diodes? 



in this module you will study the various 
circuits and components which are used in 
solid state voltage regulators. 



A. Turn to the Student Text, Volume V, 
and read paragraphs 3-lthrough3-12*Retum 
to this page and answer the following questions. 



1. The name given to a family of diodes 
designed to operate with reverse breakdown 

voltage is 



CONFIRM YOUR ANSWERS ON THE BACK 
PAGES. 
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B. Turn to the Student Text, Voiuine V, 
and read paragraphs 3-14 through 3-26^ 
Return to this page and answer the following 
questions. 




* ^ " 

Hgure 35-L Electronic Voltage Regulator 

(Use figure 35-1 to answer the following 
questions.) 

1 , Where does Q2 receive its reference 
voltage from? 



5. Which component is referred to as the 
"differential" or "error** amplifier? 



At what point is the error signal generated? 



7. How can the output voltage level be 
adjusted? 



8. If the arm of R4 is tnoved up, the for- 
ward bias on Q2 would ' 



9* If the arm of R4 is moved down, the 
resistance of Ql will 

causing the output voltage to . 



tO« If the resistance of Ql Increases, the 
output voltage will 



CONFIRM YOUR ANSWERS ON THE BACK 
PAGES. 



2. What controls the conduction of Q2? 



3. What is the purpose of Rl? 



4« Which component is referred to as the 
series regulator? 



C* Turn to Laboratory Exercise 35-i and 
complete all sections before returning to this 
page. you have any difficulty, contact your 
instructor* The material in this exercise is 
arranged in the same sequence as that In 
your text so you may be able to apply the 
theory you learned to the actual circuit. 
This circuit Is truly representatve of the 
voltage regulation circuits ttiat you will en-* 
coxinter in many types of equipment In the 
field, thus a thorough understanding of the 



circuits* components with their fxinctions 
and limitations is necessary* 

YOU MAY STUDY AITOTHER RE^URCE OR 
TAKE THE MODULE SELF- CHECK* 
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LABORATORY EXERCISE 35-1 

OBJECTIVE: 

Given an electrosilc voltage regulator and 
multimeter, measure and observe the effect 
on the output voltage when the'lnput voltage 
Is varied and when the load Is varied* 

EQUIPMENT: 

Electronic Voltage Regulator Trainer 5797 

Multimeter 

Variac 

REFERENCE: 

Student Text^ Volume V, Chapter 3* 

CAUTION: OBSERVE BOTH PER- 
SONNEL AND EQUIPMENT SAFETY 
RULES AT ALL TIMES* REMOVE 
WATCHES AND RINGS. 

PROCEDURES: 

U Analysis of the trainer 



a« The 5chematicdiagramof theelectronic 
voltage regulator trainer is shown in figure 
35-2* 

b« The trainer contins afuU-wave bridge 
rectifier stage, a voltage regulator stage and a 
load resistor and meter tor monitoring load 
current* 

c* The iaiJut voltage can be varied by 
insertion of a Variac between the trainer 
and AC source outlet. 

d« The loaci can be varied by adjusting 
load resistor (rheostat) Re« 

2* Preparation of Equipment 

a. Trainer 

1. SI OFF 

2* S2 UP 

3. S3 ...„UP 

4* R8 *.*.JluUy Clockwise (CW) 
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b* Multimeter 

K Function Switch »»»»»AC 
2. Range Switch 50 



NOTE: ALWAYS MAKE YOXJR MEASURE- 
MENTS ON THE LOWEST RANGE 
POSSIBLE. 



c» Variac 

K Power Switch OFF 

2» Dial Fully Counter-Clockwlse 

d. Inter coanectlcns 

K Plug the trainer power cord Into 
the Variac. 

2. Turn the Variac power switch ON* 

3* Turn the trainer power switch (SI) 

ON- 

The trainer Is now a bridge rectifier 
(CRl) with a Pi-type RC filter (R2> CIA, 
CIB) and a resistive load (R7 and R8) 
and the input voltage can be adjusted 
(Variac)* 

3* Activity 

Instruction: 

Connect the multimeter to TP-1 and TP-2» 
Adjust the Variac until the voltage on the 
secondary of Tl is 15 VAC* 



a» Minlmuii) Input Voltage is 15 VAC* 

Instruction: 

Adjust the Variac clockwise for tnaximum 
voltage. Measure the voltage onthesecondary 
of TK 

b. Majcimun) InputVoltage VAC» 



Instruction: 

Disconnect the multimeter* Place the 
ftinctlon switch on DC 20k ohms/volt* Con- 
nect the multimeter across the load (Negative 
lead to ground^ Positive lead to TP-8)» 
Measure the maximum output voltage of the 
rectifier and filter circuit. 

c» Maximum Output Voltage - VDC» 

Instruction: 

Disconnect the multimete r* Place the 
function switch on AC* Connect the multi- 
meter to TP-1 and TP-2 on the trainer* 
Adjust the Variac counter-clockwise for 15 
VAC on the secondary of Tl» Wsconnect the 
multimeter. Place the function switch on 
DC* Measure and record the output of the 
rectifier and filter circuit (Negative lead to 
ground^ Positive lead to TP-d)* 

Minimum Output Voltage . . VDC» 

e. Record the minimum AC Input voltage 
(Step a) ■ VAC. 

Record the maximum AC input voltage 
(Step b) VAC» 

The total change In the input AC 
voltage was ■ VAC> 

f» Record the maximum DC output voltage 
(step c) , VDC. 

Record the minimum DC output voltage 
(step d) VIX:. 

The total change In the output DC 
voltage was , VDC. 

g» In an UNREGULATED power supply^as 
the input AC voltage changes^ the output DC 
voltage changes/remains RELATIVELY 
CONSTANT* 

Instruction: 

Measure and record the DC output voltage 
(with multimeter) and the load current (Ml 
on the trainer). 
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h. DC Output Voltage 
VDC, I>09d Current — ■— 
Instruction: 



n)A« 



Adjust R8 fully counter-clockwise (mlnimuni 
load on tHe circuit)* Measure and record 
the DC output voltage and the load current* 



i. DC Output Voltage 
VDC, Load Current 



mA* 



U Record the mfucimun) current thru the 
load (step h) - , mA* 

Record the minimum current thru the 

load (step 1) , mA* 

The total change in the load current 

mA* 



was 



k* Record the majcinjum voltage across the 

load (step i) , . VDC* 

Record the minimum voltage across 

the load (step h) VDC* 

The total change In load voltage was 

VDC* 

1, in an UNREGULATED power supply, 
as the load Is varied, the output voltage 



Instruction: 

Place S2 and S3 on thetrainertothe DOWN 
position* This places the ELECTRONIC VOLT- 
AGE REGULATOR in the circuit. Adjust R4 
fully counter-clockwise* Measure and record 
the load voltage and load current* 

m* Minimum Input AC Voltage (Step a) 
. VAC 



LOAD VOLTAGE 
LOAD CURRENT - 
instruction: 



-VDC 



mA 



Adjust the Variac clockwise for maximum 
input AC voltage* Measure and record the 
load voltage and load current* 

n* Maximum Input AC Voltage (step b) 

VAC* 

LOAD VOLTAGE VDC 



LOAD CURRENT 



mA 



o* The AC inptit voltage changed (Step b 

minus Step a) VAC, the load voltage 

changed (step n minus step m) - 



VDC, and the load current changed (step n 

minus step m) ^ mA* 

instruction; 

Adjust R8 fully cloclcwise (maximum load 
on the Electronic Voltage Regulator)* Measure 
and record the load voltge and load current* 



p. LOAD VOLTAGE 
LOAD CURRENT 



-VDC* 
— mA* 



q* The load current changed (step p minus 
step n) mA, and the load 



voltage changed (slypnminusstepp) 
VDC* 

r* in a REGULATED power si^ly, the 
output voltage remains relatively constant 
even though the input or the — — 

changc.s by a large amount* 
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Instruction: 

Measure the voltage acrosstbe Zenerdiode^ 
CR-2. 

s« With maximum AC Input voltage^ the 
voltage across CR*2 is ^ VDC. 

tnstructloa: 

Adjust the Variac counter-clockwise for 
15 VAC on the secondary of Tl« 

t* With minitnum AC input voltage^ the 

voltage across CR-2 is , .VDC* 

The voltage acros.^ the Zener diode 

remains relatively . 

even though the input voltages change by a 
large amount. 

Instruction: 

Place the multimeter across the load. 
Adjust the voltage adjust control (H4) for 
maximum DC output voltage. 

V* Maximum Output Voltage vpr 

4. Summary 

Adjust the Variac clockwise for maximum 
input AC voltage. 

Adjust until the output oj the EIT^ is 
10 VDC. 

Measure the voltage at TPS * 

Measure the voltage at TP4 

U youhave any questions^ call the instructor* 



5. Questions 

Circle the correct option for each multiple 
choice question. 

a« If QI is open^ the output 

(1) voltage will be maximum 

(2) current will be minimum 
b* The purpose of CR*2 is to 

(1) hold the current to the emitter of 
Q2 constant* 

(2) bold the output current constant. 

(3) keep the volt-age on the emitter 
of Q2 constant* 

c, U R*7 is open^ the load current will be 
^1) normal 

(2) uaximum 

(3) zero 

d* If Ql is shorted 

(1) load voltage will be maximum 

(2) load voltage will be normal 

(3) load current will be zero 

G* Securing of the Trainer and Test Equipment 
a* Unplug the equipment* Be sure all 

b. Review the objectives and questions 
of this project. 

CONFIRM YOUR ANSWERS ON THE BACK 
PAGES. 



6 



183 



MODULE SELF-CHECK 



QUESTIONS: 



R1 = 500 fi 
— WW- 



•T=62fnA 

75V 
INPUT 

FROM CR1 
FILTER 



l|_ =50mA 

I LP AO 



\ =830fl 



BEP4'X439 




INPUT 
VOLTAGE 



Figure 35-3. Zener Voltage Regulator Circuit 

1. The normal current path for figure 35-3 
is Irons; 

a. Ground through CRL and Rl tothe posi- 
tive side of the input filler. 

b. The positive side of the input filter 
through Rl, the load and ground. 

c. The negative side of the input filter 
through CRl, the load and Rl, to the posi- 
tive side the input filter. 

d. The negative side of the input filter, 
through the load and Rl to the positive side 
of the input filter. 

2. The purpose of the series resistor Rl, 
in figure 35-3 is to: 

a. Increase current to the load. 

b« Limit the current through the zener 
diode. 

c. Decrease RL. 

d. Increase RL« 



Figure 35-4. EVH 

3. When the arm of R4 in figure 35-4 
is moved upward, the voltage across the load 
wlU: 

a« decrease 

b. increase 

c. remain the same 

4. When the arm oi R4 in figure 35-4 is 
moved downward, the voltage across the load 
will: 

a« decrease 

b. increase 

c. remain the same 

5« An increase in the load of figure 35*4 
would have the same effect on Ql as moving 
the arm of R4 in which direction? 



6, A decrease in the load of figure 95-4 
would have the same effect on Ql as moving 
the arm of R4 in which direction? 
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7. An increase in the input voltage infigure S» A decrease In the input voltage in figure 
35-4 wold have the, same effect on QI as 35-4 would have the same effect on QI as 
moving the arm of R4 in which direction? moving the arn] of R4 in which direction? 



CONFIRM YOtJR ANSWERS ON THE BACK PAGES. 
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NOTES 



ANSWERS TO A - ADJUNCT GUIDE 

1 . Zener 

2. reverse brepJcdown voltage 

3. PN junction diode 

4. BVR value ot the zener diode 

5. True 

6* amplifier circuits 

7. current operating range, voltage 
amplitude rating* 

U you missed ANY questions, review 
the material before you continue* 



ANSWERS TO B - ADJUNCT GUIDE 

1* the zener diode 

2* voltage ;\t the arm of R4 

3* current limiting for CRl 

4. Ql 

5. Q2 

6. arm of R4 

7« by adjusting the arm of R4 
8* increase 
9* decrease, increase 
10* decrease 

If you missed ANY questions, revlewthe 
material before you continue* 



ANSWERS TO LAB EXERCISE 35-1 
(NOTE: If your answers do not agree 
with those listed, ask your instructor 
for assistance) 

3* 

b* 28 VAC 

c* 29*8 VDC 

d. 15*5 VDC 

e. 28VAC, 15VAC and 13VAC 

f* 29VDC, 15»5VDC and 14,3 VDC 

g* changes 

h* 15»5VDC and l6mA 

i* 2K5VDC and 2mA 

j* l6mA, 2mA and 14mA 

k. 21*5VDC, 15*5VDC and 6VDC 

> 1* varies 

m. liSVAC, 9VDC and imA 

n* 29 +; IVAC, 9.2VDC and imA 

o* 13VAC, *2VDC and Zero 

p* 9*2VDC and OmA 

q* 8mA and Zero 

r* voltage, load 

s* 8.2VDC 

t. 7*9VDC 

u« Constant 

V. IIVDC 

4* TP3-37,5 and TP4-10,2 

5* a. (2), b* (3), c* (3), d* (1) 



ANSWERS TO MODULE SELF*CHECK 

1* c 

2* b 

3« a 

4, b 

5* downward 

6« upward 

7* upward 

8« downward 



HAVE YOU ANSWERED ALL OF THE QUESTIONS CORRECTLY? IF NOT, REVIEW THE 
MATERIAL OR STUDY ANOTHER RESOURCE UNTIL YOU CAN ANSWER ALL THE QUESTIONS 
CORRECTLY* IF YOU HAVE, CONSULT YOUR INSTRUCTOR FOR FURTHER INSTRUCTIONS. 
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ELECTRONIC PRINCIPLES (MODULAR SELF-PACED) 



MODULE 36 



TROUBLESHOOTING SOLID STATE POWER SUPPLIES 



This guidance package is designed to guide you through this module of the Electronic 
Principles Course, This guidance package contains specific information^ including references 
to other resources you may study^ enabling you to satisfy the learning objectives. 

CONTENTS 



Title Page 

Overview i 

List of Resources i 

Ad?u::ct Guide 1 

Laboratory Exercise 2 

Answers 13 



OVERVIEW 

1, SCOPE. This module discusses the 
techniques used in troubleshooting power 
supplies. The laboratory exercise provides 
practical e?tperience in troubleshooting 
filtered half-wave ^nd full-wave rectifiers 
and electronic voltage rejculators (EVxt). 



2. OBJECTIVES, Upon completion of this 
module^ you should be able to satisfy the 
following objectives: 



a. Given a multimeter^ oscilloscope^ 
scheni^tic diagrEiiij and s trainer halving an 
inoperative solid state half-wave filtered 
power supply^ determine the faulty component 
two out of three times. 



b. Given a multimeter^ oscilloscope, 
schematic diagram^ and a trainer having an 
inoperative solid state full-wave regulated 
and filtered power supply, determine the 
faulty component two out of three times. 



LIST OF RESOURCES 

To satisfy the objectives of this module^ 
you may choose^ according to your training^ 
experience^ and preferences, any or all of 
the following, 

ri!;ading materials: 

Digest 

Adjunct Guide with Student Text V 
AUDIO VISUALS; 

Television Lesson 30-352A^ Power Supplies 

and Filters (Troubleshooting) 
Television Lesson 30-352B, Voltage Doubler 

(Troubleshootiz^) 

LABORATORY EXERCISE; 

Laboratory Exercise 36. 1» Troubleshooting 
l5oli<i-StJ>t<? Pow^r Supplies 

Student Handout KEP-HO-36, Trouble- 
shooting Solid-state Power Supplies. 

AT THIS POINT^ IF YOU FEEL THAT 
THROUGH PREVIOUS EXPERIENCE OR 
TRAINING YOU ARE FAMILIAR WITH THIS 
SUBJECT^ YOU MAY TAKE THE MODULE 
PROGRESS CHECK. 

CONSULT YOUR INSTRUCTOR IF YOU 
NEED HELP. 



Supersedes KEP-GP-36. 1 August 1974. Supplies on hand will be used. 



ERLC 
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ADJUNCT GUIDE 
INSTRUCTIONS 

Study the referenced materials asdirected^ 

Return to this guide and answer the 
questions. 

Confirm your answers at the back ot this 
guidance package* 

Contact your instructor it you experience 
any difficulty. 

Begin the program. 



Previous modules discussed rectification, 
filtration, and repjlation as functional sections 
of power supplies which, when combined 
make a complete power supply. Emptkasis 
was placed on learning the theory of operation, 
circuit analysis, and interaction of the 
sections. 

At this point, you shouldknow the operation 
of a half-wave or fulUwave, filtered and 
regulated power supply. Like other electronic 
circuits, power supplies are subject to 
failure. Knowing the correct operation should 
help you determine the symptoms of a 
malfunction* Once the symptom is recognized, 
isolation of the faulty circuit and component 
can be determined and repaired. In this 
module you will stuc^ troubleshooting 
procedures which will help you locate faulty 
components. 

A. Turn to Student Text, Volimie V, and 
read paragraphs 4-1 through 4-20. Return 
to this page and answer the following 
questions. 

U What will be the output from ahalf-wavc 
rectifier with a shorted diode? 



2. What will be the output from a half- wave 
rectifier with an open diode? 



3. What is the output from a half-wave 
rectifier with a shorted filter capacitor? 



4. What probable effect will a shorted 
filter capacitor have on the diode in an 

iinfused, half-*wave rectifier? 



5* An open filter capacitor in a half-wave 
rectifier will cause the average output 

voltage to * 

6. What would be the most probable cause 
of high ripple amplitude in a half-wave 

rectifier? 



'^^ A full-wave rectifier with an open diode 
acts as a/ an . 



8. What is the first component that should 
be checked in a full-wave rectifier that 

has no output? 



9. What are the two most probable causes 
of a blown fuse In a full-wave rectifier? 

a» 



b. 



CONFIRM yOUR ANSWERS. 



B. Turn to Student Text, Volume V, and 
read paragraphs 4-21 through 4^32. Return 
to this page and answer the following 
questions. 

1. What would b€ the most probable cause 
of an electronic voltage regulator having a 
higher than normal output and no regulation: 



2. What should be the first two checks 
made on a voltage regulator suspected of 
malfunctioning? 

a. 



1 



ISO 



3. Given a voltage re^^Lator which functions 
normally under no-load conditions^ what 
would be the suspected problem If, when 
the load is connected, the output voltage 
decreased excessively and would not regulate? 



CONFIRM YOUR ANSWERS. 



C- Perform Laboratory Exercise 36-1 and 
complete all sections. The material In this 
exercise is arranged to give you practical 
experience In troubleshooting analysis of 
malfunctioning power supplies similar to 
what you will enco<anter in the field. If you 
have any difficulty, contact your instructor. 



LABORATORY E/'ERCISE 36-1 
OBJECTIVES: 

1. Given a multimeter, oscilloscope, 
schematic diagram, and a trainer having an 
inoperative solid state half-wave filtered 
power supply, determine the faulty component 
two out of three times. 

2. Given a multimeter, oscilloscope, 
schematic diagram^ and a trainer having 
an inoperative solid state full-wave regulated 
and filtered power supply, determine the 
faulty component two out of three times. 

EQUIPMENT: 

1. Power Supply Troubleshooting Trainer 
(5927) 

2. Oscilloscope 

3. Multimeter 

4. Meter Panel (4567) 
REFERENCES: 

Student Text, Volume V, Chapter 4 

CAUTION: OBSERVE BOTH PERSONNEL 
AND EQUIPMENT SAFETY RULES AT ALL 
TIMES. REMOVE WATCHES AND RINGS. 



PROCEDURES: 
I. Trainer Analysis: 

a* The . power supply troubleshooting 
trainer, shown Inflfo^re I of Student Handout 
HO*36, consists of four functional sections* 

(1) Rectifier. 

(2) Filter. 

(3) Voltage Regulator. 

(4) Loading Circuit. 

b. Trainer controls and switches are as 
follows. (Locate each component on figure I 
in Student Handout HO- 36 and circle with 
pencil.) 

(1) S-l - OFF/ON, power switch in the 
primary of T-1. 

(2) S-2 - FW/HW, full-wave, haH-wave 
selector in series with CR-l. 

(3) R-4 - Output voltage adjust In the 
base circuit of Q-2. 

(4) R<.8 - Load adjust in the output 
circuit. 

c* The train^ar basbullt-introubleshooting 
capabilities. A compartment at the rear 
of the trainer contains switches used to 
insert troubles. The following simulated 
troubles are available: 

(1) Shorted filter choke L-1. 

(2) Open filter choke L-l. 

(3) B^*pa3sed Zener diode CR-3. 

(4) Open filter capacitors C-1 and C-2. 

(5) Open transistor collector Q-2. 

(6) Open center tap of transformer T-1 
secondary. 

(7) Open voltage adjust potentiometer 

R4, 

(8) Open fuse. 

(9) Open load resistor R-8. 

NOTE: Troubleshooting Involves the use of 
test equipment to make voltage and current 
measurements* These measurements are 
then analyzed to determine the probable 
cause of malfunction. Test equipment may 
alter circuit characteristics and cause slight 
changes in current and voltage levels. 
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2. Preparation of Equipment 
a* Oscilloscope Controls 

1) SCALE ILLUM 

2) TRIG SEELECT 
LEVEL 

3) TIME/CM 

4) CHI Vertical Position- 

5) CH2 Vertical Position 

6) SEPARATE-CH1&CH2 

7) AC-ACF-DC 

8) CHOP,ALT 

9) AC"GND-DC(CHi) 

0) AC-GND-DCCCH2) 

1) VOLT^CM 



Trainer Controls 



1) FW/HW 

2} Trouble switches 
(S-3thru S-U) 

Multimeter Controls 



1) FUNCTION 

2) RANGE 



Position 

Clockwise 

CH1+ 
AUTO 

5 mSCAL 

Mid* Position 

OFF 

- SEPARATE 
AC 
ALT 
AC 
GND 
.2V CAL 

Position 
HW (Half-wave) 

Down 

Position 
DCV 20kO/V 
10 V 



d. Ground the osclUoscppe to the trainer. 

e. Connect the 0*10mA jack on the 
ammeter panel to J*l of the trainer. 

L Insert multimeter leads at TP- 10 and 
GND (TP-13) of the trainer* (OBSERVE 
POLARITY.) ^: ^ 

Connect the trainer to the power source. 



3. Activity 
a* Trainer Adjustment 

(1) Place power switch to ON* 

(2) Adjust R-4 tor 5-volt reading on 
the multimeter (TP-10 to GND). 

(3) Adjust R-8 for 2 mA on theammeter 
paneL 

NOTE: Interaction of these controls may 
require readjustment. 



b* Half-Wave Normal Operation 

In order to estabish normal voltages and 
currents for your trainer^ follow the 
procedures and recordvaluesin the NORMAL 
MEASURED column of the Half- Wave 
Troubleshooting Summary Chart 1 in the 
Student Handout H0.36. 

(1) Secondary voltage (AC) TP-3 to TP-4 
(Multimeter). 

(a) Set the multimeter FUNCTION to 
ACV 1 k 0/V and RANGE to 50. 

(b) Measure and record the voltage 
from TP-3 to TP-4- 

(2) Rectified voltage (DC) TP-5 to GND 
(Multimeter). 

(a) Set the multimeter FUNCTION 
to DCV 20kO/V and RANGE to 50, 

(b) Measure and record the voltage 
from TP-5 to GND. (OBSERVE POLARITYO 

(3) Ripple voltage feeakto peak) TP-5 to 
GND (Oscilloscope)* 

(a) OsciUoscC(pe VOLTS/CM set 
previously (.2V> CAL)* 

(b) Use CHI to measure 3nd record 
the Peak^to-^peak ripple voltacc^ from TP^Sto 
GND* (Oscilloscope was grounded in step 
2d.) 



(4) Filtered voltage (DC) TP-6 to GND 
(Multimeter). 

(a) Multimeter FUNCTION and 
RANGE previously set. (DCV 20kQ/V& 50.) 

(b) Measure and record the voltage 
from TP-6 to GND. (OBSERVE POLARITY.) 

(b) Filtered ripple voltage {peak to Peak) 
TP-6 to GND (Oscilloscope). 



a (a) Oscilloscope 
previously set (.2V, CAL). 



VOLTS/CM 



(b) Use CHI to measure and record 
the peak-to-peak ripple voltage from TP-6 to 
GND. (Oscilloscope was grounded In step 
2d .) 

(6) Voltage dropped b> choke L-1 (DC) 
TP-5 to TP-6 (MulUmeter). 

(a) Set the multimeter RANGE to 10 
(FUNCTION at DCV 20kfl/V). 

(b) Measure and record the voltage 
from TP-5 (Pos) to TP-6 (Neg). (OBSERVE 
POLARITY.) 

(7) Output voltage (DC) TP- 10 to GND. 
(Multimeter) 

■ (a) Multimeter FUNCTION and 
RANGE previously set (DCV 20kfl/V & 10). 

(b) Measure and record the voltage> 
from TP-10 to GND. (OBSERVE POLARITY.) 

(8) Output current (mA) J-1 (Meter 
Panel). 

(a) J-1 of the trainer previously 
connected to meter panel. 



c. Trouble 1 - Open Fuse. 

(1) Insert OPEN FUSE trouble by placing 
S-3 in the UP position. Locate this switch 
on Figure 36-1, Power Supply Rectifier> 

(2) Follow the same procedures used 
in measuring normal trainer test points, 
step 3b. Record values in the Open Fuse 
column of the Troubleshooting Summary 
Chart I in Student Handout HO-36. 

(3) Use the trainer diagram in 
conjunction with t h e Troubleshooting 
Summary Chart 1 of the student handout 
to analyze the trouble. 

(4) Answer the following questions: 

(a) What measurements were NOT 
necessary for this trouble? Why? 



(b) Replacing the fuse may not correct 
the trouble. Why? 



(b) Measure and record the current 



at J-Jl. 



COMPARE YOUR NORMAL MEASURED 
READINGS WITH THE NOMINAL VALUES 
LISTED ON CHART 1 IN THE STUDENT 
HANDOUT. IF YOUR MEASURED VALUES 
DIFFER MORE THAN 20 PERCENT FROM 
THE NOMINAL VALUES, CONSULT YOUR 
INSTRUCTOR. 



CONFIRM YOUR ANSWERS AND REMOVE 
TjEIE TROUBLE. 
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d. Trouble 2 - Open Transformer 
Secondary Center Tap* 

(I) Insert OPEN TRANSFORMER 
CENTER TAP (CT) by placing S-4 UP* 
Locate this switch on figure 36-*!* 



(2) FoLLovr the same procedures used 
in measuring normal trainer test points, 
step Bb. Record values in the Open T-*l 
CT column of the Troubleshooting Summary 
Chart I in the Studient Handout HO-36. 

(3) Use the trainer diagram and the 
Troubleshooting Summary Chart 1 of the 
student handout to analyze the trouble* 

(4) Answer the following questions: 

- (a) What amplitude was measured at 
TP^5? Why? 





Figure 36-1* Power Supply 
Rectifier 



(c) What other component(s) could 
malfunction to produce these readings? 



CONFIRM YOUR ANSWERS AND REMOVE 
THE TROUBLE* 

e. Trouble 3 - Open Filter Choke L-1. 

(1) Insert OPEN FILTER CHOKE L- 1 
with S-5 and locate on Figure 36-2, Power 
Supply Filter* 

(2) Record values in the appropriate 
column of chart 1 in HO-36 ; 

(3) Use the trainer diagram and compare 
recorded measurements to analyze 
malfunction* 



(b) Why was voltage meas>iiedacross 
T-l secondary normal (TP3 to TP4) with 
the CT open? 




Figure 36-2* Power Supply 
Filter 




c-1 c-a 



QUO 



Figure 36-2- Power Supply 
Filtfer 

(4) Answer the following questions: 

(a) Why was tt "*re an increase in 
voltage at TP-5? 



CONFIRM YOUR ANSWERS AND REMOVE 
THE TROUBLE- 



f- Trouble 4 - Shorted Filter Choke L-l. 

(1) Insert SHORTED FILTER CHOKE 
L-1 with S-6 and locate on figure 36*2. 

(2) Record values In the appropriate 
column of chart 1 in HO-36- 

(3) Use the trainer diagram and the 
recorded measurements to analyze 
malfunction. 

(4) Answer the following questions: 

(a) Does the ripple voltage at TP-5 
increase, decrease, or remain the same? 
Why? 



(b) Why is there no output at TP-6 , 
with an open filter choke? 



(b) Does the ripple voltage at TP-6 ^ 
increase, decrease, or remain the same? 
Why? 



(c)^Why is there no ripple voltage 
reading at TP-5 with an open filter choke? 
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(c) Why does the output voltage at 
TP- 10 lacrease slightly? 



(b) Why is the voltage at TP-6 lower 
than normal? 



(c) Why is the output voltage at TP-10 
lower than normal? 



CONFIRM YOUR ANSWERS AND REMOVE 
THE TROUBLE. 



g. Trouble 5 Open Filter Capacitors 
(C-r^ C-2). 

(1) Insert OPEN FILTER CAPACITORS 
C-1 and C-2 with S-7. Locate this switch 
(two sections) on fig;ure 36-2. 

(2) Record values in. the appropriate 
column of chart I in- HO-36. 

(3) Use the trainer diagram and the 
recorded values to analyze the malfunction. 

(4) Answer the following questions: 

(a) Ripple voltage increasedwithopen 
capacitors CI and C2. Why? 



CONFIRM YOUR ANSWERS AND REMOVE 
THE TROUBLE. 

h. Trouble 6 - Open Load Resistor R-S. 

(1) Check trainer output voltage and 
current (5V and" 2 mA). If necessary, use 
procedure 3a to adjust the output. 

(2) Insert OPEN R-8 with S-11 and 
locate on figure 36-3, Power Supply Load. 

11-7 



-AAA — I 

id 



5.11 



Figure 36-3. Power Supply 
Load 
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(3) Record values in the appropriate 
column of chart I in HO-36. 



CONFIRM YOUR ANSWERS AND REMOVE 
THE TROUBLE* 



(4) Use the trainer diagram and the 
recorded measurements to analyze 
malfunction. 



(5) Answer the following questions: 

— ^ta^KJ^fhaf is the output current at J- 1 
with open loaihresistor? Why? 



tb)-Ho.w ca'- this trouble be 

distinguished from other ^roubles that have 
the same value for output current? 



. (c) Does the ripple voltage at TP-5 
change from normal? If so, why? 



AT THIS POINT YOU MAY TAKE THF 
FIRST OF TWO PROGRESS CHECKS ON 
TROUBLESHOOTING POWER SUPPLIES. 
IF YOU WISH, YOU CAN COMPLETE 
LABORATORY EXERCISE AND TAKE BOTH 
PROGRESS CHECKJS. 



Ip Full-Wave Operation. 

(1) Place the FW/HW switch on the 
trainer to FW (fuU-wave) positioa, 

(2) Turn to. the Full-Wave Trouble- 
shooting Summary Chart 2 in the student 
handout and use procedure 3b to measure 
and recordthe first sixNORMAL MEASURED 
values. After recording the data, return 
to this p3ge and complete Troubleshooting 
Jummary Chart 2. 

OJ- Voltage dropped by transistor Q-2 
(DC) TP-7 to TP-8 (Multimeter). ^ 

(a) Set the mulUmeter FUNCTION to 
DpV 20k Q/V and RANGE to 10. 



(b)^ea4ure and record the voltage 
from TP-rt^os) to TP-8 (Neg). (OBSERVE 
POLARirsfJ 

(4) Bia^vt^ltage for transistor Q-2 (DC) 
TP-8 to T:P-9 (Multimeter). 



(a) Set the multimeter RANGE 
2,5 (FUNCTION at DCV 20kS3/V)- 



to 



(b) Measure ^d record the voltage 
from TP-8 (Neg) to TP,9 (Pos)* (OBSERVE 
POLARITY.) 



NOTE: Some troubles vAii cause the bias 
on Q-2 to reverse polarity. 

(5) Reference voltage at Zener diode 
CR-3 (DC) TP-8 to GND. (Multimeter) . 

(a) Set the multimeter RANGE to 10 
(FUNCTION at DCV 20kQ/V), 
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(b) Measure aad record the voltage 
from TP-e (Pos) to GND (Neg). (OBSERVE 
POLARITYO 



(b) Was the voltage betweea TP,3and 
TP-4 Qormal? Why? 



(6) CoQtrol Voltage (DC) TP-9 to GND. 
(Multimeter). 

(a) Multimeter FUNCTION aad 
RANGE previously set(DCV20kSl/V and 10). 

(b) Measure and record the voltage 
from TP-9 to GND. (OBSERVE POLABITY.) 

(7) Steps II and 12 of Summary Chart 2 
require measurement of output voltage and 
current. These levels were previously 
adjusted in steps 3a(2) and , 3a(3). If the 
values are different than those indicated, 
readjust the output and record the values. 

COMPARE YOUR NORMAL MEASUREP 
READINGS WITR THE NOMINAL VALUES 
LISTED ON CHART 2 IN THE STUDENT 
HANDOUT, IF YOOR MEASURED READINGS 
DIFFER MORE THAN 20 PERCENT FROM 
THE NOMINAL VALUES, CONSULT YOUR 
INSTRUCTOR. 

j. Trouble I - Open T-1 Center Tap. 

(1) Use S-4 to insert trouble. 

(2) Record values in the appropriate 
column of chart 2 in HO-*36. 

(3) Use the trainer and compare 
record measurements to analyze 
malfunction. 

(4) Answer the following questions; 

(^) What amplitude of voltage was 
measured at TP-10? Why? 



(c) How . could an ohmmeter be used 
to confirm this trouble? 



CONFIRM YOUR ANSWERS AND REMOVE 
THE TROUBLE. 



Trouble 2 - Open L-l (S-5 UP). 

(1) Use the schematic diagram and the 
recorded measurements to analyze the 
trouble. 

(2) Answer the following questions: 

(a) Why did the voltage across C-1 
increase? 



(b) What is the voltage drop across 
R^l? Why? 



(c) Wny is there no ripple voltage (a) How can the ripple voltage be 

at TP-5? ' greater than the DC voltage at TP-5? 



CONFIRM YOUR ANSWERS AN REMOVE 
THE TROyBLE, 

L Trouble 3 . Shorted (S-6 UP), 

(1) Use the schematid diagram and the 
recorded measuremetits to analyze the 
trouble* 

(2) Complete the iol?owing: 

(a) The ripple volcage at TP-5 
(INCREASED) (DECREASED) (REMAINED 
THE SAME), 

(b) The ripple voltage at TP-6 
(INCREASED) (DECREASED) (REMAINED 
THE SAME), 

(c) The ripple voltage at TP-5 is 
(MORE THAN) (LESS THAN) (SAME AS) 
the ripple voltage at TP-6. 

(d) The DC voltage at TP-6 increased 
because ^ 



(b) Why is the ripple voltage at TP-6 
less than at TP-5? 



(c) What test should positive identify 
open filter capacitors? 



CONFIRM YOUR ANSWERS AKD REMOVE 
THE TROUBLE, 

m. Trouble 4 -Open CI and C2(S7- UP). 

(1) Use schematicdiagramandrecorded 
measurements ^o analyze the trouble. 

(2) Answer these questions: 



CONFIRM YOUR ANSWERS AND REMOVE 
tHE TROUBLE. 
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ti. Trouble 5 
Q-2 (S*8 UP). 



Open Transistor Collector 



0"% TP'-IO 



(1) Insert OPEN TRANSISTOR 
COLLECTOR Q-2 with S-6 and locate on 
figure 36-4, Power Supply Re^^lator. 

(2) Use the schematic diagram and the 
recorded measurements to analyze the 
malfunction. 

13) Answer the.following questions: 

(a) What w<^uld be the approximate 
voltage from TP-7 to ground? 




Figure 36-4, Power Sjipply 
Regxilator 



CONFIRM YOUR ANSWERS AND REMOVE 
THE TROUBLE. 



(b) Why was the outputvoltage (TP-10 
to GND) much higher than normal? 



o* Trouble 6 * Bypassed Zenor Diode 
CR*^ (S-9 UP). 

(1) Locate this trouble on figure 36-4. 

(2) Use the schematic diagram and the 
recorded measurements ' to analyze 
malfunction. - 



(3) Answer the following questions:^ 

(a) Why does outputvoltage at TP-10 
decrease? 



(c) Does the ripple at TP-5 
(INCREASE), (DECREASE)t or (REMAIN THE 
SAME)? Why? ' 



11 
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Figure 36-4- Power Supply 
Regulator 



(b) Why does output current at J- 1, 
decrease? 



NOTE: This trouble causes the voltage 
between TP-8,and TP-9 to reverse polarity- 
TP-9 win be negative In respect to TP-8. 

(1) Locate this trouble on figure 36-4. 

(2) Use the schematic diagram and the 
recorded measurements to ^alyze 
trouble- 

(3) Answer the following questions: 

(a) What (two) values are different 
with this trouble than the values obtained 
with an oi)en Q-2 collector? Why are they 
different? 



a 

(c) Does the ripple voltage at TP-5 
(INCREASE), (DECREASE), or (REMAIN THE 
SAME)? Why?^ 



(b) The output voltage has the highest 
value with the R-4 resistor open. Why? 



CONFIRM YOUR ANSWERS ANU REMOVE 
THE TROUBLE. 



: p. Trouble 7 - Open Voltage Adjust 
Resistor R-4 (S-10 UP). 
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(c) With this trouble/ Q-L is 
(CONDUCTING NORMALLY) (SATURATED) 
(CUTOFF). 

(d) With this trouble, Q-2 is 
(CONDUCTING NORMALLY) (SATURATED) 
(CUT OFF). 

CONFIRM YOUR ANSWERS AND REMOVE 
THE TROUBLE. 



ADJUNCT GUIDfe 

ANSWERS TO A: 

no output 2* no output 
3. no output 4. destroy ihe^diode 
5. decrease 6. open filter capacitor 
7. half-'Wavi? rectifier fuse 
9^ shorted cUode, shorted filter capacltQ.r 

If you missed ANY questions, review 
the material before you continue. 



ANSWERS TO B: 

Zener diode open 
2. input voltage, output regulation 
3* excessive Load current 

If you missed ANY questions, review 
the material before you continue. 

LABORATORY EXERCISE 36-1 
ANSWERS TO 3c(4) - (OPEN FUSE): 

(a) Measurements 2 through 8 were not 
.necessa^. With zero volts from TP-3 

to TP-4 all other voltages will be zero. 
Zero volts between TP-3 and TP-4 indicate 
the trouble must be toward the power 
source* 

(b) If blowing of the fuse were caused 
by a shorted or malfunctioning component, 
a replaced fuse* would blow. The trouble 
would not be corrected. The malfunction 
would have to be corrected before re- 
placing the fuse 

CONCLUSION; When all currents and 
voltages are zero, the fuse must be 
open, the OFF-ON switch must be open> 
or there is no power from the source, 
for This trainer, a blown fuse causes 
zero readings of current and voltage at 
all test points* 



ANSWERS TO 3d(4) - (OPEN) 
TRANSFORMER CENTER TAP); 

(a) Voltage at TP-5 was zero* In a 
half-wave rectifier, current must flow 
from ground through the load, through Q-1 
and L-1, through the diode, and the 
transformer secondary back to ground. 
The transformer secondary is no longer 
grounded so the current path is broken* 
No voltage will be read ^t TP-5 or 
at any point in the EVR« 
Ha) The ground is open but the transformer 
secondary coil from TP-3 to TP-4 is 
NOT, so the secondary voltage will be 
normal; 

(c) Diode CR-2 could a^so be open with 
these readings. 

CONCLUSION: When there is no output 
from' the rectifier at TP-5, the trouble 
must be in the rectifier section. Normal 
voltage at TP^3 and TP-4 further isolates 
the trouble to the transformer secondary 
or diode. 



ANSWERS TO 3e(4) - (OPEN FILTER 
CHOKE L-l): 

^> 

(a) C-1 charges to the peak value of the 
input. The discbarge path for C-1 is 
open* No discharge ctirrent will flow with 
an open circuit and voltage will be 
maximum at TP-^S. 

(b) The coil, L-l, is series with the 
current path so no current can flow, when 
it is open. An'open coil creates, an open 
circuit. 

(c) When L- 1 is open^ there isno discharge 
path. for C-l, so it will hold the voltage 
at peak value and show as a straight 
line on the oscilloscope. 
CONCLUSION: If the output current and 
voltage are zero, an open in the circuit 
should be suspected. If all readings beyond 
the choke are zero, this component is 
likely to be the cause. A very large 
voltage drop across the filter choke will 
j:onfirm that it is open. 
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ANSVfERS TO 3f(4) - (SHpRTED FILTER 
CHOKE); 

t 

(a) Ripple voltage at TP-5 decr^asesAWhen 
L-L is shorted* Normally, the ripple 
voltage at TP-5 is determined by the time 
constant of the dischanreof C-1. WhenL-1 
TP-5 is determined by the time constant 
of the discharge of C-L When L-1 is 
is shortfed. the ripple voltage at TP-5 Is 
determined by the (iischarge time of both 
C-1 and Capacitors In parallel add 
so the discharge time will be longer 
and the ripple voltage will be smaller. 

(b) Ripple voltage at TP-6 increases wher. 
L-1 is shorted because what was once 
an efficient pi-typefilter becomes a simple 
capacitive filter. 

(c) L-1 has inductance and resistance 
which lowers the voltage f^Cross 
When it is shorted^, there is less total 
opposition so the voltage across C-2 
becomes higher. The increase in voltage 
at TP-6 is greater than the EVR can 
control so theou^ut increases slightly, 
CONCLUSION: A shorted filter choke will 
usually result In a small Increase inoutput 
voltage with poor regulation. If there Is 
no voltage drop across the choke, it is 
shorted* . The same ripple and DC voltage 
readings at both TP-5 and TP-6 confirms 
that the choke is shorted* 



ANSWERS TO 3g(4) - (OPEN FILTER 
CAPACITORS CI AND C2); 

(a) Normally C-1 and C-2 discharge slowly 
so the voltage never drops all the way 
to zero. When C-1 and C-2 are open, 
the voltage does drop to zero and so 
exhibits agreaterpeaJc-to-peaJc fluctuation 
on the osciUosco)p[&, 

(b) The filter capacitors raise the average 
voltage at TP-6. * 

(c) When the voltage drops to zero on 
each cycle, the average voltage also drops. 
If this average voltage is less than the 
normal output^ tlie output voltage of the 
EVR will be less. The ability of this 
regulator to regulate h^s been exceeded^ 
CONCLUSIONS: The DC output voltage 
at TP-6 will be greatly reduced if the 



filter capacitors are open. This will 
result in low voltage at the output of th^ 
EVR (TP- 10), A very large Increase in the 
ripple voltage at TP ^5 confirms the filter 
capacitors as the faulty components. 



ANSWERS TO 3h(5) - (OPEN LOAD 
RESISTOR R-6); 

(a) Zero, With the load resistor open« 
there is no path for Current to flow, 

(b) When theloadresistorisopen^voitages 
can be read at all test points. Any other 
malfunction that£auses zero current also 
causes zero i^oUage at one or more 
test points, 

(c) Yes, the ripple voltage at TP-5 
decreases, C-1 (iischarges more slowly 
because resistance increases (longer TC), 
With the load resistor open^ the total 
resistance increased because the load 
resistor is in parallel with the other 
resistors in the EVR. 

COr CLUSION; When output current is 
zero, but output voltage is near normal* 
the circuit must be functioning properly 
up to the output. Therefore the , faulty 
component must be the load re si stor . 

ANSVVERS TO 3j(4) - (OPEN T-1 CENTER 
TAP): 

(a) 2ero. The voltage at TP-5 is the 
source = for the voltage at TP-10, The 
voltage at TP-5 was zero. An open center 
tap opens the circuit for the rectifiers. 
The output voltage of the transformer 
will be dropped across the open. 

(b) The transformer secondary is not 
open between these two points. 

(c) First remove all power V dis- 
connecting the trainer "power cord from 
the wall outlet. Second^ disconnect one end 
of CR*1 and CR-2,, Then, measure the 
resistance from TP-3 or TP-4 to GI^D. 
An infinite reading would indicate anopen. 



ANSWERS TO 3kt2) - (OPEN L-1): 

(a) C-i charges to the peak of the input 
to the diodes CR-1 and CR-^2. The discharge 
path for C-1 is open so C-1 ^does not 
discharge between peaks. 
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ANSWERS TO 3k(2) - Continued 

(b) Zero. Ln a series circuit all of the 
voltage appears across the open, with 
zero volts across the good components. 
In this case all of the voltage appears 
across L-l« with no voltage across R-L 

(c) C-1 charges to thepeakvalue. Because 
L-1 is openf C-1 does not discharge 
between pulses. 

ANSWERS TO 31(2) (SHORTED L-1): 

(a) decreased (b) increased 

(c) same as 

(d) C*2 is allowed to charge to the peak 
amplitude of the voltage input to the 
rectifier. Opposition normally oCferedby 
the resistance and inductance of L*.l is 
shorted »ui. 



ANSWERS TO 3m(2) - (OPEN C-,1 & C-2): 

(a) The DC voltage at TP-5 is the average 
value while ripple vdtage is a pealc 
value. To convert from peaJc to average 
lor a full-'Wave rectifier^^ mulbply the 
peaJc value by .636. So, 22 V x .63 = r3.86V. 

(b) The filtering effect of L-1 prevents 
the voltage at TP-6 from dropping to 
zero between pulses* The ripple voltage 
is the dif f e rence between the highe st 
and lowest points of the waveform. There- 
fore, the ripple voltage at TP-6 will be 
less. ■ 

(c) A very large ripple reading at TP-5 
indicate s an open f ilte r capacitor. A shorted 
L-1 will indicate a much smaller increase 
in ripple voltage. 



ANSWERS TO 3n(3) - (OPEN COLLECTOR 
.Q-2): 

(a) Ai^proximately 10 volts. This should 
be equal to the value of TP-5 to TP-6 
plus TP-e to TP-12. 

(b) The collector voltage on Q-2 with 
^he collector open is maximum, just as it 
would be with Q-2 cut off. This means 
that the voltage on the base of Q^l is 
also maximum . Q-1 is in saturation and all 
of the yoltage is dropped by Uie load 
circuit. Therefore the output voltage is 
high and unregulated^. 
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(c) The ripple voltage at TP^5 is higher 
because C-1 discharges more rapidlywhen 
Q-1 is saturated (very low resistance). 

CONCLUSION: High output current and 
voltage means that Q-1 is conducting hard 
and may be in saturation. Unless Q-1 is 
shortedf the bias and base voltage must 
be high. The probable cause of this is 
an open or cutoff Q-2. If forward bias 
on Q-2 is near normal, it is likely that 
the collector of Q-2 is open. 



ANSWERS T0 .3o(3) -/(BYPASSED ZENER 
DIODE CR-3): 

(a) A bypassed Zener diOde CR-3 allows 
more current to flow through Q-2 because 
the resistance is less. More current 
through the collector of Q-2 m^ans less 
voltage at the ^ collector and therefore 
less voltage on the base Q-1 causing 
Q-1 to conduct less- The; output voltage 
wiU decrease. 

(b) The decrease in output voltage causes 
a decrease in current through the load. 

(c) The . ripple voltage at TP-5 will 
decrease because the increase in total 
resistance will cause C-1 to discharge 
more slowly (increased TC). When C-I 
discharges slowly, the voltage does not 
go as low so the ripple value decreases. 
CONCLUSION: Low ou^ut current and 
voltage 'may be caused by a shorted 
Zener diode. If little or no voltage can 
be measured across the Zener diode^ the 
trouble will be isolated to tha* component. 
This trainer has a small re3istor in the 
shorting circuit. This is the reason why 
a smallvoltalf^e is measuredwhen the Zener 
is shorted instead of zero voltage. 

ANSWERS TO 3p(3) 1 (OPEN VOLTAG^ 
ADJUST R-4): 

(a) Bias and Control Voltage. The open is 
between the base of Q-2 and Vcc- The 
base of Q*2 is connected to ground through 
R-4 and R^5. With no current flowing^ 
the base will be at ground potential 
Therefore the control voltage, which, is 
from ground to the base of Q-^2, will be 
zero. There Is a positive voltage on the 
emitter of Q-2 so there will be reverse 
bias from emitter to base. 



ANSWERS TO 3p(3^) - CoQtiQued 

(b) Normally R-3, R^4, R^5 are la 
parallel with the load resistors R-7 aad 
R-8 aad draw some curreat* This curreat 
causes a, drop la output voltage. With R-*4 
opea, the path through R-4 is opea ^d 
almost all of ttie voltage is dropped 
across' the load resistors. iThere is a 
small voltage drop caused by curreat 
through R-2 aad R-6.) Whea Q-2 collector 
is opea, the curreat through R-*3, R-*4, and 



HAVE YOU ANSWERED ALL OF THE 
QUESTIONS CORRECTLY? IF NOT, REVIEW 
THE MATERIAL OR STUDY ANOTHER 
RESOURCE UNTIL YOU CAN ANff^ER ALL 



R-5 will drop some voltage so the voltage 
across the load resistor will aot be as 
great* 

(c) Q*l is saturated. 

(d) Q-2 is cut ott. 

CONCLUSION: Whea .tlie output voltage 
and curreat are much higher than aormal, 
Q-2 is probably open or cut off. Aa opea 
R-4 betweea the base of Q<2 and Vqq 
will cause reverse bias oa Q^2 which 
will put it ia cutoff. Aa opea R-3 will 
give the same symptoms. 



QUESTIONS CORRECTLY. IF YOU HAVE, 
CONSULT YOUR INSTRUCTOR FOR THE 
PROGRESS CHECK. 
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THIS HANDOUT WILL BE USED WITH KEP-GP-36. 




Figure 1. Power Simply Troubleshooting Trainer 
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HALF-WAVE RECTIFIER POWER SUPPLY 



Measurement Points 


Exercise 


Nominal Values 


- Normal 
Measured 


-Open Fuse S-3 


O 

r\ CO 

C ^ 

0) 

°2 


1 
1 

c 

0 
3 


0 

4 


1 

u 

c ^ 
v 
a 
0 

5 


1 

00 

C 

4> 

a 
0 
6 


K Secondary Voltage (AC) 
TP-3 to TP-4 


30 
















2* Rectified Voltage (DC) 
TP-5 to GND 


19 
















3* Rioole Voltace (Pk-Pkl 
. TP- 5 to GND (Scope) 


.46 
















4. Filtered Voltage (DC) 
TP- 6 to GND 


16 
















5. Filtered Ripple Voltage 
- (Pk-Pk) TP-6 to GND 
(Scope) 


0 
















6. Voltage dropped by 

Choke LI TP-5 to TP-6- 


3.2 
















7. Output Voltage 
TP-10 to GND 


5 
















8. Output Current J-1 


2 

















Chart 1. Trouble shootir^ Summary Chart 
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FULL-WAVE RECTIFIER POWER SUPPLY 



Measurement Points 


Exercise 


Nominal Values 


Normal 
Measured 


H 
O 

H ^ 

c« 

^ .. 

a 

O 

, 1 


1 

CO 
t 

c 

a 

O 

2 


1 

CO 

1 

** 

Q 
CO 

3' 


1 

o 

O ' 

a 

O 

4 


1 1 

O CO 
a 0 

o o 

5 


Q> 
C 

o + 
N 

09 CO 

6 


o 
1 

CO 
f 

of 
c 

a 

O 

7 


L Secondary Voltage (AC) 
TP-3 to TP-4 


30 


















2. Rectified Voltage (DC) 
TP-5 to GND 


20 


















3» Ripple Voltage (Pk*Pk) 
TP-5 to GND (Scope) 


.23 


















4* Filtered Voltage (DC) 
TP-6 to GND 


165 


















3» r ti^ereo Atppie v oi^age 
(Pk-Pk) TP-6 to GND 
(Scope) 


0 


















6« Voltage dropped by 

Choke LI TP-5 to TP-6 


3»4 


















7» Voltage dropped by 0-2 
TP-7 to TP-8 


3+1 


















8* Biasing Voltage for 
Q-2 TP-8 tcrTP-9 


+ 6 


















9» Reference Voltage 
TP-8 to GND 


2+4 


















10+ Control Voltage 
TP-9toGND 


3 








1 










IL Output Voltage 
TP-lO to GND 


5 


















12+ Output Current 
J-1 (MA) 


2 



















Chart 2. Troubleshooting Summary Chart 
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OVEBVIEV^ 

TROUBLESHOOTING SOLID STATE POWER AMPLIFIERS 



I* SCOPE: Power acipUfiers are usually fhe final stages of an amplifier circuit or component* 
They add to the AC. intelligence signal the power necessary to drive loads, such as speakers, 
headphones, and scopes « There are several configuratloiis of th^se amplifiers* Here we dis- 
cuss the push-pull, complementary-synimetry, and compound-connected amplifiers* inaddi* 
tion, we cover the paraphase amplifier and troubleshoot the push-pull amplifier* 

2* OBJECTIVES: Upon completion of this module, you should be able to satisfy the foUo^ng 
objectives: \ " 

a* Given a list of statements, select the one which describes the effect o/ changing 
forward bias on push-pull amplifier , 

(1) class of operation* 

(2) crossover distortion* 

(3) efficiency* 

b* Given the schematic diagram of a single*stage paraphase amplifier, determine 

(1) DC current path* 

(2) output signal* . ' 
{Zy voltage gain* 

c* Given the schematic diagram for a complementary* symmetry circuit using a common 
collector configuration, determine 

(1) DC current paths* 

(2) input^ signal requirements* 
J3)_output signals*, 

(4) source polarities* 

d* Given a schematic diagram for a compound* connected power amplifier using ^ com- 
mon base configuration, determine the 

(1) DC current paths* 

(2) current gain* ^ ■ 

e* Given a trainer having an Inoperative transistor push-pull power amplifier, schematic 
diagram, multimeter, and oscilloscope, determine the faulty component* 

AT THIS POINT, YOU MAY TAKE THE MODULE SELF-CHECK* 

IF YOU DECIDE NOT TO. TAKE THE MODULE SELF-CHECK, TURN TO THE NEXT PAGE 
AND PREVIEW THE UST OF RESOURCES* DO NOT HESITATE TO CONSULT YOUR INSTRUC- 
TOR IF YOU HAVE AIfY QUESTIONS* 



1 
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LIST OF RESOURCES 

TROUBLESHOOTING SOLID STATE POWER AMPHHERS ^ 

To satisfy the objectives of this module, you may choose, according to your training, 
experience, and preference, any or all of the following, ( 

READING MATERIALS; 

Digest 

_ Adjxinct Guide with student Text 
LABOPATORY EXERCISE: ^ ^ 

Laboratory Exercise 37-1, Solid State Power Amplifiers 



SELECT ONE OF THE RESOURCES AND BEGIN YOUR STUDY OR TAKE THE MODULE 
SELF-CHeCK.. 

CONSULT YOUR INSTRUCTOR IF YOU REQUIRE ASSKTANCE* 
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DIGEST 



TROUBLESHOOTING ^LID STATE POWER AMPUFIERS 



The last stage of a series of amplifiers is usually the power amplifier^ Power amplifiers 
are designed to achieve maximum power gain. Transistors working at high power levels have 
certain limitations* One of these Is the amount of power It can dissipate. The maximum power 
dissipation (PD^^) rating of a transistor Is the maximum power It can dissipate without 
danger of being destroyed. Figure 1 shows ^ PD|^|^ curve fbr a type 2N2067 transistor. 
Notice that at any point on the curve the product of V^il is 5 watts* The transistor must not 
be operated to exceed 5 watts of collector dissipation* Another limitation of transistors 
working at Mgh power levels is the heat generated internally* TranSstors become unstable 
as jwction temperature increases* Heat slhkSp in the form of cooling £ins, are used to move 
heat away from the Jxinctions* 



One commonly used power amplifier Is the double-ended or PUSH'^PULL amplWler. 
Figure 2 shows a push-^pull power amplifier. The circuit Is forward biased through HI and the 
two halves of the center*ta^ed secondary of Tl* As sbown^ the clrcui^t operates class A, but 
ior better efficiency, it can' be operated class B* If the center tap Is grounded rather than 
returned to Vqq through HI, the circuit will operate class B. The secondary of Tl Is center* 
tapped to provide two signals 180^ out of phase but equal In amplitude to the bases of Ql 



700 



-COMMON-EMITTER ORCUIT, BASE INPUT* 
M0UNTIHC=rBASE_tEMPERAIURE^='.2S^C__ 



— 1 — I — r 

TYPE 2Nia67 



TYPICAL CnLLgCTQB CHARACTERISTIC 



T 



,l^gCTj)RCH 




0 5 TO T5 20 25 30 "35 40 45 SO 
C0LLEC7OR-T0-EMfTTER V0LT5 



Figure 1* Power" Dissipation Curve for 2N1067 Transistor, PDj^^X 
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DIGEST 



VJ^EOUT 




Figure 2* Class A> Push-PuU Power Amplifier 

and Q2* The out of phase p^isiials cause Ql to conduct on one alternaUon ot the input and Q2 
on the other. «be primary ot output transformer T2 is also center-tapped* The top half of 
the primary of T2 is the collector load for QU On the alternation when Ql conducts, the 
changing current in the top half of the primary incT ces a current in the secondary and one 
alternation is reproduced. On the other alternation, Q2 conducts through the bottom half of the 
primary, reproducing the other alternation at the output* It can be said that T2 recombines 
the signals which were spUt at the secondary of Tl • If Ql and Q2 are balked, all even 
harmonics are cancelled* Balancing can be <ione by putting a variable resistance in the circuit 
which is common to the emitters of Ql and Q2* The power output of a push-^puU amplifier can 
be MORE than twice that of a single-ended power amplifier. When a push-pull amplifier is 
'^^ated^t^y^laas except A, it is subject to a type of dlstorUon called CROSS-OVER dis- 
tortion. Figure 3 shows an example of cross-over distortion in a push-pulJ.ampUfier* This 
type of distortion i^ due to the fact that the SIGNAL provides the forward bias for the transis- 
tors* ^hen the signal decreases in ampUtude, the' transistor is brought into the low forward 

bias area of its curve and dlstortionoccurs. 
AS the signal on the base ol Ql decreases 
in amplitude^ distortion occurs and as Q2 
starts to conduct, the low amplitude signal 
aiul forward bias causes distortion* TM dis- 
tortion always occurs at the point where one 
transistor is going off and the other on, 
thus, the name CROSS-OVER dlstorUon* 
Cross-over distortion can be eliminated or 
reduced by applying a small DC forward 
bias or by operating class AB* 

We mentioned earlier tlxat the in^wt trans- 
former of apush-pullampUfier splits the sig- 
nal into two halves which are eqyal in ampli- 
tude and 180* out of phase* An electronics 
circuit which will accomplish this is the 
paraphase amplifier or (rtiase SPLITTER. 




OUTm COLLECTOR 
CURReiT 



Figure 3. Class B Push- Pull Waveforms 
(Cross-Over D^tortion 
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Figurje 4, Oae* Stage Phase Splitter 

Figure 4 shows a paraphase anrpU^ier coQC^ected to a push*pulL amplifier^ 

The * signals at the emitter and collector of Ql are ISC' out of phase and will be equal 
in amplitude at the bases of Q2 and Q3« H3 increases the low emitter output impedance of Ql ^ 
to match the higher co^ector impedance, Q2 and Q3 in figure 4 are operated Class B* Forward 
bias is provided by the signal, which is toupled by CI and C2« On tlie alternations that Q2 
and Q3 are off, the coupling capacitors have no discharge path except througb the reverse 
biased base to-- emitter junctions* This causes the transistor to operate Class C. If a diode 
is connected between the base of each transistor aSid ground, a discharge path Is provided. 
These are called discharge dibbles. The voltage gain of a paraphase amplilier is less than one* 
The low gain 'causes the bandpass to be greater* The .frequency response of this circuit is 
much better tixan that of a centeic tapped transformer* 



A circuit simil|ir to the push-pull amplifier but without the need of either an input 
transformer or phase-spfitter is the comple- 



mentary* symmetry amplifier shc>wn in figure 
5*''The;, circuit does not need out of phase 
signals because QI ^s a PNP transistor and 
Q2 is a NFN. Th£ signal is applied to both 
bases through balance i^esi'stor H3* When the 
signal goes positive, both bases go positive* 
A positive on the base. of Ql causes itto 
decrease in conduction' but causes Q2 to 
increase. Q2 conducts from ground through 
R^, Q2, to *yQQ2 » reproducing the positive 
alternation across' K^,* Ql conducts from 
V^^p Ql, through to ground, repro- 
ducing the negative alternation across Rl- 
The load, Rj^, might, the voice coil of a 
speaker rather than a resistor as shown. 
Notice that two batteries are u^ed so as to - 
apply the correct polarity of V^p ^to the 
two transistors* When an electronic power 
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■AAAr- 




CI . 
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Figure 5. Complementary-Symmetry Circuit 



'217 



DIGEST 



+VOUTAGE 




V TOTAL =997555 Ic 

nr 



IC2= 4.755 Ig^ 



Figure 6. Power Supply for a 
Complementary- Symmetry Amplifier 



VOLTAGE 

i(£P4-680 



CC 



cc 



Figure 7. Compoxind- Connected Common 
Base 



supply is used, both positive and negative voltages can be obtained from the same [tower 
Supply. A common method of doing this is shown in figiire 

The current, voltage, and power gains of a common base amplifier are directly related 
to the forward current transfer ratio (alpha). This is the ratio of Iq to 1^ and the greater this 
ratio, the greater the current gain. A circuit which is designed to increase alpha is the 
COMPt>UND- CONNECTED amplifier shown in figure 7. Ql and Q2 are both connected in com- 
mon base configuration. 

Notice that the base cu. reat of Ql is the emitter or input current of Q2. Notice also that 
the two collector currents add in R^. Assume each^transistor has an alpha of .95 and that the 
input current to Ql is 10 mA* Since alpha is .95, Iq for Ql is 9.5 mA. Base current for Ql is 
thevetcm^t ,5 mA. Input jor emitter current for Q2 is . Iso .5 mA. Alpha of Q2 is .also .95, so 

l^ for Q2 is .475^mA. l^ is l^^^ f l^^^ 9.975 mA. Alpha for the circuits is '^'^^'^^^ 

or *9975, v/hich is a considerable increase over .95. 



iO mA 



Figure 8 shows a push-pull amplifier. R3 is a balanci|ig resistor and the transistors are 
forward biased by Rl and R2. CI places the center tap of the transformer at AC ground. In 
troubleshootibg this circuit, the things to look for are presence and amplitude of output signal, ' 
cross-over distortion, and presence and amplitude of DC voltages. For example, if the pri-f 
mar> of Tl ^or secondary of T2 opeji, all DC Voltage would be normal but there would be no 
output signal. If the secondary of Tl or primary of T2 open, one of the transistors would be 
off and the output weak and distorted, if Rl and CI shorts or R2 opens, the transistors would - 
operate class B and cross-over distortion would be present* Should Rl open, the forward bias' . 
would increase* Vq would be low on 'both transistors, the output would be larger than normal 
and possibly distorted. CI open would cause degeneration and the output would be smaller than 
normal but all DC voltages would be norn^al. Shorting R2 would place Vqq on the base leads. 
This would cause excessive forward bias and possibly ablown fUse and/or destruction of the 
transistor. If the wiper arm of R3 opened, both transistors, would cut off. There would be no- 
output signal and on Ql and Q2 would equal Vcc* 




Figure 8 

YOU MAY STUDY ANOTHER RESOURCE OR TAKE THEi'-^ODULE SEl^ CHFCK. 
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TROUBLESHOOTING SOLID STATE POWER AMPLIFIERS 
INSTRUCTIONS: " . 

Study the referenced material as directed. 
Return to this guide and ansnver the questions. 

Check your answers against the answers at the top of the next even numbered page 
following the questions. 

U you experience any difficulty, contact your Instructor. 

Begin the program. 

Any signal that is generated or received for some useful purpose^ls .usually. smalljnjts 
original form and must be Increased to a sufficient power level to perform some useful worlc^ 
Such signals could be related to those received from a phonograph pickup or raiUo ffequency 
' signals received by a radio or television set« 

These small signals may be sent through several stages of amplifier circuits tolncreaae 
the signal level* However, the last^stage, or output stage, Is designed to amplify the signal to 
the power level needed to perform the useful work* This last st^e Is called the power ampU- ^ 
fier stage may be one, or a combination of, several different types of drci^ts* 

The most commonly used circuit for this purpose Is the push-pull power amplifier* In 
this module you will study the various types of power amplifier circuits and the classes of 
operation* Also, you will learn how to troiibleshoot and repair thero irtien malfunctions occur* 

Study this ftiaterlaT^ery carefully toryouwillfind a power amplifier stage in nearly every 
functional piece of equlpineiit that you encounter* ' , 



A. Turn to Student Text, Volume V, and read paragraphs 5*1 through 5-9» Return to this page 
and answer the following questions* . 

1. Where Intermediate amplifier stages are designed to obtain maxlmuiD voltage or 
current gain, the power amplifier stage Is designed to obtain majdrouro 

2. What is the main disadvantage of using aslngle transistor in a power amplifier stage? 



3» The product of the DC quantities of V™ and I of a transistor is known as the 
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4. Given a transistor with a 3 watt PDj^^ rating In a circuit with V^g = 10 volts and 
~ 200 mllUamps^ the transistor wouW exceed the PD|^.„ and burn up, (TOUE) ( 

5. Ui^der AC conditions the Instantaneous values of voltage and current may exceed the 
^^MAX ^^^^^ ^ ^ average power doe& not, (TRUE) (FALSE) 

6. On a given transistor characteristic curve charts the power dissipation curve shows 



* 7. The load Une and operating point must always be to the 
of the maximum po;ver dissipation curve on the chara ct e r ^fit 



8, What device is used to dissipate heat away from the transistor junctions? 



9. What effect dd^s hTjh jxinction temperatures have on the stability of a transistor? 



10. Power amplifier stag^have 
preceding stages. 



values of load impedance than 



CONFIRM yOUR'ANSWER ON THE NEXT EVEN NUMBERED PAGE* 



Turn to Student Text^ Volume V^ and read paragraphs 5-10 through 5-30* Return to this page 
and answer the following questions* 

1, A push-puU amplifier contains two transistors which operate In a 
degree phase relationship* ^ , 




Figure 1* Class A> Push-PuU Power , Amplifier 
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2^ What Is the purpose of BL In figure L? 

3* What Is the primary disadvantage of a Class A pu-h-pull power ampUfier? 

4* What Is the primary advantage of a Class A push-pull power anapUfler? 

^^^^^^^^^^^^^^^^ ^^^^^^^^ * 

S« Referring to figure U "what Is the voltage relationship between point A and point B 

with no Input signal applied to Ql and Q2? . 

*** 

6. Referring to figure 1^ the positive alternation of the input signal wil?. cause the con- 
duction of Ql to and Q2 to . 

7* The power output from a Cla^s A push*pull amplifier can be more than 
that obt^nable from a single-ended Class A power aropQIIef; ' ^^^^^ ~ 

All harmonics are cancelled In a Class A push-pull power 

amplifier* 

9« What is the advantage of a class B push-pull amplifier over a Class A push-pull , 
amplifier? 

10« How can a Class B push-puU amplifier circuit be identified from a Class A push- 
pull amplifier circuit? , - 

11« With no input signal present to a Class B push*pull amplifier^ both transistors are 
12* What Is the primary disadvantage of a Class B push-pull amplifier? - 

13* At what point in the collector current output waveform does the most severe distor- 
tion occur in a Class B push-pull amplifier? 

14. How can crossover distortion be eliminated or reduced in a Class B push-pull 
amplifier? - 

15. By applying a small amount of forward bias to both transistors in a Class B push- 
pull amplifier^ the class of operation will change to 

CONFIRM YOUR ANSWERS ON THE NEXT EVEN NUMBERED PAGE. 
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AIJSWERSTOA: 

L power 6* Maximum 1q for any valu^ of V^^ 

2« Limited maximujn power dissipation 7« Left 

3. PDmaX" niaximumpowerillsslpaUon 8* heat sinLc 

4* False 9* stability decreases 

S« True L0« smaller 

If you missed ANY questions, review the material before you continue* 



ANSWERS TO B: 

L. L30* 9* greater efficiency 



2* provide forward lrfas~for Ql and .Q2 10* by the lack of a forward biasing network 

3* Low efficiency 11. cutoff 

4. minimum distortion 12. greater output distortion * 

5* equal L3* cross-over 

6. increase, decrease 14« by appLying a small forward bias on 

_ . , both transistors 

7. twice 

ft ^15* Clasto AB 

8* even 

U you missed ANY questioos, review the material before you continue. 



C. Turn to Student Text, Volume V, and read paragraphs 5-31 through 5-50. Return to this 
page and answer the following questions. 

K The term used to describe the amplifier which is used to supply the signal Input to 
the power amplifier stage is 

2. What component would be eliminated by using a phase splitter circuit to drive the 
push-pull power amplifier in figure 17 ^ * 

3* When ^:ompared to center-tapped transformer, the frequency response of the phase- 
splitter amplifier is • 

4* The reason for adding series resistor Rg in figure 2 is to 



5. How is the loss of signal voltage across Rg compensated In the circuit in figure 2? 

* 

6 . How is the charge and discharge time of the coupling capacitors equaUz(?d in a Class 
B push-pull aj^i^lifier? 
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RSP4'676 

Figure 2* One-Stage Phase Splitter 



^ ?:rThe-^rctt it t lia ti>rovides-me-advantaggsr^of ir^ aropllfler without 

the need of a phase- inverter stage or center-tapped transformer is called a 

■ circuit* 

8* A complementary^ symmetry circuit requires input signal* 

d« m a complementary-symmetry circuit, the amount of current flow depends upon the 
of the incoming signal* 

10« The direction of current flow through the load resistor of a complementary- 
symmetry circuit depends on the of the incoming signal* 

CONFIRM YOUR ANSWERS ON THE NEXT EVEN NUMBERED PAGE* 

D* Turn to Student Text; Volume V, and read paragraphs 5-51 through 5-61* Return to this 
page and answer the following questions* 

1* A compound-* connected amplifier is a circuit designed to increase 

2, Compound- connected transistors in a circuit of any configuration can be considered 
as a , 

3* m a compound-* connected ampUfi^, the tbtal. current through the load is equal to the 
collector current of both transistors* (TRUE) (FALSE) 

4. Referring to figure 1^ what would be the effect on the circuit if Rl were open? 



5* Referring to figure 1/ If Ql opened^ there would be no oi^put from the circuit* 
(TRUE) (FALSE) / 

^ . ' . - 

CONFIRM YOUR ANSWERS ON THE NEXT EVEN NUMBERED PAGE* 
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ANSWERS TO C: 

L. driver stage 

2. coupling transformer T-l 

3* wider 

4* balance output Impedance 

5« increasing R2 to a higher value than R3 

by using discha rge diodes ^ _ 

7. complementary-symnjetry 
8« one 

9v magnitude ' 
10* polarity 

If you missed ANY questions^ review the material before you continue. 

ANSWERS TO D: 
I. alpha 

2* single unit ' 
3- True 

4. no Jforward bias voltage 
5* False 

If you missed ANY questions^ review the material before you colitlnue* 

E* Turn to Laboratory Exercise 37*1 and complete all sections before returning to this page* 
The material in this exercise Is arranged to ^ve you practical experience in troubleshooting 
analysis of malfunctfonlng power amplifiers similar to those you will encoxinter in the Held. 
If you have any difficulty^ contact your instructor* . ' 



YOU MAY STUDY ANOTHER RESOURCE OR TAKE THE MODULE SELF-CHECK* 
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LABORATORY EXERCISE 37-1 



TROUBLESHOOTING SOLID STATE POWER AMPUFIERS 



OBJECTIVES: 

1. Given a push-pull power amplifier trainer, oscilloscope, multimeterf signal generator, 
and schematic diagram, measure the signal Input and output amplitudes of each transistor and 
determine the effect of varying bias voltage. 

2, Given an Inoperative push-pull power amplifier trainer, schematic diagram, multi- 
meter, signal generator, and oscilloscope, determine the faulty components, two out of three 
times. 

Upon completion of this exercise have your Instructor Initial these objectives on your * 
progress check* 

EQUIPMENT: — ~ ^ ■ 

1. Transistor Push-PuU Amplifier, Trainer #5969. 

2. Transistor Power Supply, Trainer #4649. 

3. Oscilloscope (LA-261). 

4. Multimeter (PSM-6^. 

5. Signal Generator, Trainer #4664, 
REFERENCES: 

Student Text, Volume V, Chapter 5, 

CAUTION: OBSERVE BOTH PERSONNEL AND EQUIPMENT SAFETY RULES AT 
ALL TIMES. REMOVE WATCHES AND RINGS, ^ 

PROCEDURES: — 

1. Analysis of the trajiner*' 



a» The transistor push- 




amplifier trainer schematic is shown In figure 37-l» 



b. The trainer requires a signal Input from a signal generator to produce an output* 



c. The trainer Incorporates rheostat R5 for changing forward bias* 



2, Preparation of the equipment: 



a- Oscilloscope Controls (LA-261) 



Position 



U) POWER 



ON. 



(2) VOLTS/dIV 



A Channel .5 Calibrated 
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LABORATORY EXERCISE 37-1 
a. (Continued) 

Oscilloscope Controls (LA-261) 

(3) VOLTS/DIV 

(4) MODE 

(5) A & B CHANNEL POLARITY 

(6) TRIGGER SELECTOR 



Position 

B Channel .5 Calibrated 
Alternate 
Normal AC 
EXT ^ 
AUTO 
NORMAL 

*5 milllsec* Calibrated 
Position 



(7) MODE 

(8) HORIZONTAL DISPLAY 

(9) TIME/DIV 

b. Si gnal Generator Controls (#4864) 

(1) POWER "^^ 

(2) SINE WAVE AMPUTUDE 

(3) SINE WAVE RANGE 

(4) FREQUENCY MULTIPLIER 

(5) FREQUENCY (Hz) 

c. Trainer, #5969 
R5 . 
S-7 

d. Signal Generator to Trainer j 

(1) Ground signal generator to. trainer atTP102» 

(2) Connect output of signal generator to trainer at TPlOU 

e. Oscilloscope to Trainer 

(1) Ground oscilloscope to trainer at TP2. 

(2) Connect A Channel input to TPl. (Use regular probe)^ 

(3) Connect B Channel input to TP5* (Use regular probe), 

(4) Connect trigger input to TP8. 



ON 

MINIMUM 
1 Volt 

100 

Fully Counterclockwise 
Left ^ 
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LABORATORY EXERCISE 37-! 

/• • ■ - 

. (5) Position the A Channel sweep the upper section of the oscilloscope display^ 
(6) Position the & Channel sweep to the lowersectlon of the. oscilloscope display^ 
f* Power Supply to Trainer 

(1) Connect the power supply to the trainer with the power cable provided* 

(2) Set power supply voltage output (V^^ ) to 9 volts by using the meter and 
adjustment on the power supply and re-check voltage output using the multimeter at TPUO 
and ground, Readjust the power supply output voltage as necessary* 

3* Activity 

a. Adjust the sine wave Input amplitude for 2 volts peak-to-peak, 

(1) Adjust the amplitude control, on th^ ff^gn!>1 g<>tti>rflfrnr tfi nhtain i-h fe prnpe r 



voltage, 
amplitude 
to Ql and Q2 
base of QL 



(2) Observe Channel A on the oscilloscope to Insure a 2 volt peak-to-peak signal 

b. Measure and compare the amplitude and phase relationship of the Input signals 

(1) Move Channel A probe to TP4 and measure the signal amplitude on the 
Volts Pfc/^>k* 




Figure 37-1. Transistor Push- Pull Amplifier 
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^LABORATORY EXERCISE 37-1 

^ (2) Observe Channel B display and measure the signal amplitude on the base of 

QI02/ 

Volts Pk/Pk, 

(3) Draw the two signal v^veshapes on graph indicating signal amplitude and 
phase relationship. 
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; Gica^ph A Graph B 

c. Compare the base and emittier waveshapes of Ql 



,(1) Connect the Channel B probe to TP6. 

(2) Observe and draw'the emitter waveshape of Ql- on graph B» 

(3) Observe and draw the base' waveshape of Ql- 

"(4) By comparison of the^tw* si^^ls it is evident thati^' 

(a) The negative alternation of the input signal causes Ql to 

(b) Thp flat portion of the emitter signal indicates 

d. Determine the cutoff and conduction time of Ql and Q2- 

(1) Connect Channel B probe to TP7 Remitter of 02). 

(2) Connect Channel A probe to TP6 (emitter of Ol). 

(?) Observe the emitter waveshapes of both transistors and calculate the cutoff, 
and conduction time of each* 

\ 

(a) Qi: \Cutoff time milliseconds 

\ 

Cohduction time^ milliseconds 

(b) Q2: Cutoff ti^e milliseconds 

r Conduction^time milliseconds 

\ r> r\ ^ 



LABORATORY EXERCISE 37-1 



(c) The transistors are 



longer than they are 



(d) The transistors are operating class 



e« Determine the effect of the Input waveform on bias* 



(1) Set the PSM-6 on the 2Q k ohm/volt function and the «5 range. 



(2) Measure the bias voltage between the base and emitter of Ql: 



volts* 



(3) While measuring the bias voltage on Qli. decrease the input signal ampli- 



tude to 0 volts and observe the results* 



(4) Measut*e the voltage at TP3: 



(5) Measure the bias voltage between the base and emitter of Q2: 



volts* 



(6) While measuring the bias voltage on Q2, increase the input signal ampli- 
tude and observe the results* * 

CONSULT YOUR INSTRUCTOR FOR VERIFICATION OF YOUR ANSWERS* 

NOTE: With R5 fully clockwise there Is no forward bias t>eing provided by the voltage 

divider network* The Input signal is causing the emitter-base junction to have reverse bias* 

* 

(7) What was the effect on the reverse biaswhen the input signal amplitude 
was decreased to 0 volts?^ * *«™^ 



(9) Connect the Channel A prot>e to TTPl and adjust the input signal amplitude 

for 2 volts* 

(10) Connect the PSMr6 to TP5 (NEG) and TP^ (POS) and rotate 'R5 
clockwise while observing the PSM-6* 

(11) Record the forward bias voltage on Ql and Q2 with R5 fully clockwise. 



V 

(B) What was the effect on the reverse bias when the input signal amplitude was 



increased? 




volts* 




volts* 



(12) Measure the voltage at TP3: 



(13) What effect did rotating R5 clockwis<? have on Jthe forward bias voltage? 
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LABOBATORY EXERCISE 37-1 



(14) With R5 fully clockwlSLe^ the transistors are operating, class 



f . Determine the effect on the output waveform when bias is varied. ' , 

(1) Remove the PSM-6 and rotate R5 fully counterclockwise* 

(2) Change the trigger input probe to TPUand connect Channel A probe to 
TP8 and Channel B probe to TP9. ' , ' / • 



(3) Set the oscilloscope VOLTS/DIV control to 5 and measure: 

(a) Ql collector signal voltage: V Pk/Pk* 

V Pk/Rc, 



(b) Q2 collector signal voltage: 

(4) Draw the collector waveshapes oi Ql and Q2; showing voltage ampli- 
tude (Pk/ Pk) and phase i ;:rlationship on graph C* 
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Graph C Graph D 

15) Rotate R5 fully clockwise and measure: 

(a) Ql collector signal voltage: V Pk/Pk. 

(b) Q2 collector signal voltage: V Pk/Pk* 

{Cy) Draw the collector waveshapes of Ql and Q2> showing voltage amplitude 
(Pk/Pk) and phase relationship with R5 fully clockwise on graph D» 

. (7) What effect does R5 in the fully clockwise position have on the collector 
signal crossover? . 



CONSULT YOUR INSTRUCTOR FOR THE PROGRESS CHECK* 
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LABORATORY EXERCISE 37-1 

5. ACTIVITY 

The remainder^ of this {practical exercise is devoted to troubleshooting analysis of the 
problems inserted within the trainer which will n^ake it inoperative or function abnortnally* 

This laboratory exercise will provide practice In associating symptotns of a malfunction 
to a specific trouble and will be conducted in the following sequence* ^ 

a. The nortnal voltage and waveshape measurements will be taken and recorded on the 
troubleshooting sumtnary chart 37-3i 

b. A known trouble will then be placed in the tratner'and voltage and wave shape meas* 
urements will be taken* and recorded in the appropriate blocks on figure 37^3« Compare your 
readings to the readings on figure 37- 2« If any large differ enc^es exist, call your instructor* 

c« Next you will be questioned to assure association of the abnormal readings to the 
inserted trouble, / 

d. This procedure will be repeated for all six troubles* . 

e* Note: before beginning the exercise detach figure 37-3 and 37-4 from the rear of the 
guidance package* Figure 37-4 illustrates the location the switches that simulate the six', 
troubles that can be inserted in the trainer, and figure 37*3 is the troubleshooting summary* 

f* Follow the procedures used in setting up the trainer and test equipment that you used 
in the first section of this laboratory exercise* Be sure to adjust your input (Vcc ^ 
And your input wave form to 2 V Pk/Pk* 

5* The first trouble will be R-^l open* On the back of the trainer you will find a panel* 
Open the panel and place S**l in the up position. 

a. What is the purpose of Rl? 

b. Using the scope^ place "A*' channel probe inTPlK Measure and record the Pk/pk» 
airplitiicie of the signal on figure 37-3* , r 

c 

c. Using the P3M-6 place the black lead in TP4 and the red l^ad idi TP6. Record 
the reading in the appropriate block on figure 37-3. 

d. What effect did the trouble have on the signal at TPll? 

e. How was the bias on Ql affected? 

6, Next trouble will be R-3 open. {S-2 ^Ip and S»l down)* 

a* What is the purpose of ^1-3? 

What effect would opening R-3 have on the output signal? 

c. with the scope measure and record the Fk/Pk amplitude and signal at TPll in 
the appropriate block on figure 37-3* . . ' ' 
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LABORATORY EXERCISE 37-1 ' 



' TPl " 
Input signal 


2 V pk*pk 




»7 V pk-pk 


TPS 
Ba3» Signal Q-2 


*7 V pk-pk 


TP6 

Einitter Signal Q-l 
(0* scope) 


* 1^* V pk-pk 


TP7 

(O'scope) 


V*pk-pk 


TP6 

Collator Signal ^1 
(0* scope) 


9«2 V pk-pk 

'\'\^ 


TP9 

Collector Signal ^2 
(O*scope) 


9*2 V pk-pk 


TPll 
Output Signal 
(0*scopeJ * i . 


V pk-pk 

Vv 


TP-^ to TP-6 

«— - — 




TP-5 to TP-7 
(PSM-6) 





Figure' 37-2. NormalSignais 



With the scope check TP6, measure and record your findings in the appropriate 
block on figure 37-3. , ' 

What effect did opening R-3 have on-the emittei: signal of Ql? 

f. What effect did opening R-3 have on the output signal? 

7* Look at the rear panel and place S-3 in the up position and S-2 in the down position* 

a. Measure the signal at TPll and record in appropriate block on figure 37-S, , ^ ^ 

b* Changing s-3 to the up position has what effect on tho output signal? v • 

V ,- , * ^ 

c* *vhai effect did changing^s-S haye^on Q2V ' . - 

, * ft 

d* What effect did changing=S-3 have on 01? £ *^ 0^ > ^ , - 



LABORATORY EXERCISE 37*1 

8. Look at the rear panel and place S^Z In the down position and S-4 in the up position* 

a* Measure the output signal at TPIJ and record on figure 37-3. 

b. How was the output signal aifected? 

c* How was the bias on 01 affected? 

9* Place S*4 in the down position and &-5 in the up position. ^ ^ 

a. What is the purpose of R-4? 

^r- b* What effect would opening R-4 have on the output signal? 

c« With the scope measure and record the Pk-Fk« Amplitude and signal at TPll 
in the appropriate block on ligure 37*3. ' 

d* Measure TPV and record your findings in the appropriate block on figure 37-3. 

e* What effect did opening R*4 have on the signal at TPll? 

f* What effect did opening R-4 have on the Was of ,Q2? 

to. Place S* 5 in the down position and S*6 in the up position* , 

a. With S*6 in the up position what effect should this have on the output signal? 

b. Measure and record the Pk-Pk. Amplitude and signal in tbe appropriate block on 
figure 37-3* 

c. What effect did changing S*6 have on the signal at TPll? 

d* What effect did changing 3*6 h^ve on the bias of Q2? 

t 11. After completion of the practical notify your instructor that you are ready for the Criterion 
Progress Check. 
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MODULE SELF-CHECK 

TROUBLESHGOTmO SOUD STATE POWER AMPLIHERS 

QUESTIONS: 

1. Changing the forward bias on a push-puLL power amplifier affects 

a. class of operation 

b. Crossover distortion 

c. efficiency 

d. all of the above 

2. With normal forward bias applied to the transistors within their specification for a push 
pull amplifier, what class of operation will the amplifier operate? 

a. class A 

b. class AB — ■ 

c. class B 
dt class C 

3. With only a sUght amount of forward bias applied to the transistors in a push-pull amplifie 
what class of operation will it operate? 

a. , class A 

b. class AB 

c. class B 

d. class C 

4. A push-pull amplifier operating at class B would have 

a. full forward bias 

b. slightly forward bias . 

c. reverse bias 

d. zero bias 

5. In the paraphase amplifier circuit in figxire I, select the correct DC current path. 

a. from ground through R2, Ql^ R3 to -V^^ 

b. from 'V^^ through RI, Ql, R2 to ground 

c. from -V through R3t Rl, Ql, R2 to ground 

5. The output signal of figure 1 is taken from 

a. point A 

b. point B 

c. points A and B 



.The relation of the output signals at point A to poii 
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MODULE SELF-CHECK 
R2 

■AAA/ 




QI 



1^ 



i 



INPUT 

-J. 



a > 



1 T 

♦ — ^AA^ 




1 



cct 

1 



R4 

■AAAr 



Figure I 



BEP4-678 

Figure 2. Complementary- Symmetry Circuit 



8- If resistors R2 and R3 equal each.tffiier in figure I, the amplitude ot the output signals at 
point A and point B will be . 

9, Select the correct statement that describes the input signal requirements tor a complex 
mentary symmetry circuit. . 



a« two inputs with 160 degree phase 'difference. 

b. two inputs in phase 

c. one signal input ^ 

10. The voltage gain in a complementary symmetry circuit is accomplished by the push-pull 
action of the transistor. (TRUE) (FALSE) 

IL Referring to figure 2, a negative going input signal will cause transistor Ql to . 
12, Referring to figure 2, a negative going input signal will cause transistor Q2 to > * 



13. Wnen Ql in figure 2 is conducting, the correct current path for Ql is from the negative 
side of Vccb t*irough Ql, RL to the positive side of V^ci- (TRUE) (FALSE) 



14. A compounded-^connected amplifier is a 
circuit designed to increase . 

15. The total current of the circuit in figure' 
3 will pass through Rl* (TRUE) (FALSE) 

16. Given ttie alpha of each transistor in fig- 
ure 3 equal to .95, compute the total current 
flow at point C. 




total =99.7S^*Ie 











-VC12 - 




T 


4.15% ig ^ 




tV 



REP4-681 



Figure 3. Com pound' Connected Common Base 
CONFIRM YOUR ANSWERS ( N THE NEXT EVEN NUMBERED PAGE, 
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* MODULE SELF-CHECK 

ANSWERS TO MODULE SELF-CHECK 

1. d 

2. a 

3. b 

4. d 

5. c " ' 

6. c 

n. 180 degrees out of phase 

8. equal 

9. c 

10. True ' . , 

11. conduct (harder) 

12. conduct less 

13. True 

14. alpha ^ain) 

15. False 

16. 99,75 ' . 

-HAVE YOU ANSWERED ALL OF THE QUESTIONS CORRECTLY? IF NOT, REVIEW THE 
MATERIAL OR STUDY ANOTHER RESOURCE UNTIL YOU CAN ANSWER ALL QUESTIONS 
CORRECTLY. IF YOU HAVE, CONSULT YOUR INSTRUCTOR FOR FURTHER INSTRUCTIONS. 
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ilorinal 


Trouble 
//I 


Trouble 


Trouble 


Trouble 


Tn^uli^le 


Trouble 


















(0* scope) 
































V ^ EC OpQ } 
















Eritter Q2 
\\j scooe } 








- 








Collector O 
















Collector Q2 
( 0 ' so ODe ) 
















Cutput. bignal 
J[C' scope ) 


c 














■i'P-4 to TP-6 

^(Pii;-'^) 















■ . 


TP-5 to IP-7 
V23 Q2 
iPSM-6) 

















Figure 37-^3 Troubleshooting Sujnmary Chart 



TP-1 



. TP-2<) 



CO 

•4-4 

Q 
U 

» 

>> 
U 

o 

% 

u 




TP-1 2 

-e- 



Figure 37-^. It^nsistor Push-pull Amplifier 
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CHANSB 1 
KEP-GP-37 
1 Auguat 1974 
Sff6ctlv« 1 Fabruazy 1976- 



Paga 1 - OBJECTIVEi a« Qlvan a trainer having an inoperatlva translator push* 
pull power ampliflert schematlo dLagramt multlioetert and oecUloacopet detamliie 
the faulty cooqponenb two out of three times* 

Page 2 - AtlDIOVISUALSt Televlalm Laaeon 30-359t I^anslatarlsed FUahp-Full 
AnrpUflar and I^avlslon teaaon 3CM»36| Complmanbary 9ywn6try 

Page 13 through 21 1 Use Laboratory Exerdaa 37-1 contained. In this Ch< 

Page 25 and 26 i Delete 




LABORAlbSX EXEBCISE 



37-a 

TfiOOBaSHDOTIIiQ SQLIO STATE POKES 



OBJECTIVE I Given a trainer havliig an Inoperative traioalator push-pull power 
ampllfiart schematic dlagrami multimeter and oscllloscppet determine the faulty 
component two out of three tlmaa* \ 

BQUIEMENTi ; 

« Translator FUah-fUll Amplifier 

« Transistor itower Supply \ 

* Oacllloacope ^ 

• Multijneter 

« Signal Qenerator 

REFERENCES I Student Text, Volume Vf Chapter 5* 

aUTIQMi OBSERVE BOTH fSRSONNEL AND BQUIIM&IR SAfETT BVI£S AT ALL TIMES, 
REMOVE WATCHES AND HIMGS. ^ 

PBOCEDURESi' 

1« Trainer Analysis t Refer Jto figure 1 in Handout 37 to locate the components 
as each of the following traliwr functions are Identified! 

a* Tl couples an Input signal to the bases of amplifiers QI and Q2« The 
base signals are equal in amplitude and 130 degreea out of phase* 

b« Rl| R2 and R$ form a variable voltage divider to develop forward bias, 
when S7 is closed (left position)* 

c* 10 and R4 are emitter swamping resistors* 
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d> T2 couplea the collector signals to load resistor H6i 

ei The battery symbol represents an external^ power supplyi 

fi The foUotdng troubliee can be inserted by switches located in a 
panel on the front of the tralnert 

(1) Open R2 (Removes forvard bia3)i 

(2) Open R3 (Opens emliter circuit of Ql)i 

(3) Open CoUeetor Ql (Disables Ql)> 



(4) Shorted Kl (Makes forward bias zero)i ; ~ 

(5) Open h4 (Ooens emitter circuit of Q2) 

(6) Open Collector 02 (dsables Q2) ' 

NO^t Trouble switches are not 8hov.n In figure 1 in Student Handout 37 
2. Equipment Preparation t 



ai Oscilloscope Controla 

(1) POWER . 

(2) VOLTS/CM (CHI) 

(3) VO(LTS/CM (CH2) 
. (4) CHOP-ALT 

(5) ££PmTE-Cia&CH2 

(6) INVERT CH2 

(7) TRIG SEIJBCT 
I£VEL 

(d) AC-ACF-DC 

(9) Vertical Position (CHl) 

(10) Vertical Position (CH2) 

(n) TIME/CM 

(12) AC-GHD-DC (CHI and CH2) 



- Position 

ON 

•5 V CAL 
•5 V CAL 
ALT 

SEPARATE 

Pushed in 

EKT + 
AUTO 

AC 

1 em above center 
1 cm below center 
•5 mS CAL 
AC 
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h* SiioiAl Generator Controls 




Pddltloq 


(1) VOMER 




ON 


(2; SINB UAVE AMFLITUIIE 






(j>^ SINS HAVE KflNC^ 




1 Volt 


(4; FREQUENCY MULTIRJER 




10 


(5) FREQUEHCr 




100 


c* Tt'alner 




Poaltlon 






Fully Counterclockvdse 


(2) S7 




Len (Closed) 



(3) SL through S6 (trouble switches) down 
™ — d^ — Intefconnectlms t " 

(l) Signal generator ground to tralnor TP2 . 
.(2) Sine vave output of signal generator to trainer tFl 

(3) Oscilloscope ground to trains TI12 

(4) Oscilloscope EXT TRIG Input to signal generator sine wave output 

(5) Connect power supply to the trainer and set the output voltage 
adjustment fully counterclockwise* 

(6) Plug power supply Into T-^ench power Bca^ce* 

3* Activity It'ainer Familiarisation 

a* Set the inultlmeter FUNCTION to J3CV ZOcQ/V and RANCS to 10 and connect 
the niultimeter between TFIO (black lead) and ground (red lead)* 

b. Turn the power supply ON and set the output voltage to * 3 volts* 
Remove the multimeter leads* 

NOlEt If power is lost^ reset power suppdy hy turning OFF and 
back ON* ^ 

c. Connect oecllloscope CHI to TEL and adjust the sine wave ^plitude 
control of the signal generator to obtain a 2 volt Bc-Bc input signal* 

d- Compare amplitude and phase relationship of the input signals. 
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QL. 



(1) Move CHI to TPA and roeaaure the signal amplitude on the baae of 
VoltB Pk^Pk. 



(2) Connect oscilloscope CH2 to TP5 and measure the signal amplitude 
on the base of Q2 



Volts F)o*Fk. 



(3) Qrav the two signal vareshapes on graph A. Indicate signal 
amplitude and phase relationship 



BASB 
QL 

BASE 


















































































02 














— 





























IBASB 
QL 



QL. 



Graph A Grapli B 

e. Compare the base and emitter waveshapes of QL* / 

(l) Use CHI display of TPA and draw the base waveshape of QL 
on graph B. 



of QL. 



(2) Move CH2 £rom TF5 to TF6 to observe the emitter waveshape 

(3) Praw tlie^ Emitter waveshape of QL on graph B* 

(A) Con^are the two signals and answer the fdUb^dJigt 

(a) The negative alternation of the baae signal causes QL to 



(b) The. flat portion of the wdtter signal Indicates 



WIEt Since the transistors share a coimon biasing circuit, operating 
characteristics of both transistors can be detesrmined b^ measure^ 
ments taken on one transistor. 

f . Transistor cutoff and conduction times and the relationship to 
crossover distortion. 
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(1) Observe the emitter waveshape of Qr<J.(GH2|TP6) and measure the 
cutoff and conduction times* ^ 

(a) Cutoff Time M illiseconds 

(b) Conduction Tline M illiseconds 

(c) Ihe transistors are (conducting) (cutoff) longer than they 
are (conducting)(cutoff )• 

(d) Ihe transistors are operating class 

■ 0 . 

(2) Observe anrplifier output. 

(a) Move Cffl, of the oscilloscope ^to TPU to observe amplifier 
output and slowly turn R5 clockwise. 

(b) As R5 is turned clockwiset crossover distortion (Increases) 

(decreases). 

(3) VLth R5 fully dockwiast observe the emitter waveshape of 
(CH2|TP6) ^and measure cutoff and conduction times.' ' 

(a) Cutoff time ^ m illiseconds. 

(b) Ccttiduction time . m illiseconds. 

(c) Ihe transistors aw operating class . 

g. Determine the effect of bias on crossover distortion. 

(1) Set the multljneter FUNCTIOI^ to 20kfl/V and SAMCS: to .5. 

(2) Measure the bias voltage between TP5 {mO) and Tt7 (POS) while 
slowly turning R5 counterclockwisei^ ' 

(3) Usiilig the information obtained in steps f and g^ answer the 
followingi . ^ 

(a) As (fOrward)(reverse) bias is (increa8ed)(decreased)t cross- 
over distortion increases. 

(b) Crossover distortion is ,less when the transistors are 
operated class 

(A) Set R5 to a position where the least distortion is displayed 
at the output (TFU). 
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hi Determine the effect of input signal on bias* 

(1) Use multimeter to measure and record bias on Q2 £rom TP5 ,(NSG} 
Lc TP7(JP0S). ^ Forward bias - - v olts. , ' 

(2) Remove signal generator input at TFl* Measure and record bl^as 
or Q;?.. Forward bias volts. 

(3) The input signal causes the forward bias to (increase)(decrease)* 
(U) R^onnect signal generator to TPl ' 

Confirm your aJjsi^s 

Activity - Troubleshooting ' 
a* Set the trainer for normal operation 

(1) Use CHI of oscilloscope and adjust the input signal at TFl 
^for 1 volt Pk-Pk. 

(2) Use CHI of the os&illoscope and the multimeter to adjust R5 fpr 
equal conduction and ^cutoff tijne of transistor QL* 

b. Record the l^RMAX MEASURED VAUJES on the Troubles^iootlng Summary Chart 
In Student Handout HO-37* Compare the measured Values idth those lisl^ed pi 
the NOMINAL VAUOES column of the Summary Char^. 

c. Insert the following troubles and record the circuit measurements in 
the trouble ccilumn of chart 1^ HO-37* 

(1) Trouble fA OPEN R3. Move S£ UP. ^ 

(a) Which measxired values changed with this trouble? . » ^ 



(b) "'The trouble affects the circuitry associated .with (Q1)(Q2>. 

(c) Was there a signal at the emitter and collector of Ql? Why? 
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(d) Has the output (TFll) distortad? If 90^ how was It 

distorted? 



CONFIRM YOUR ANSWERS AND Vmm WSOEIE (32 SOWN) 
(2) Trouble ^ QL OfSN Hova 33 IIP* 

(a) Nhlch measured values chaz^d with this trouble? 



(b) The trouble af facte the circuitry aasociabed ^with (Q1)(Q2). 

(c) Has the» a signal at the aodt^ar of 01? If ao^ 



(d) Was there a signal at the collector of Ql? 

4 



^ (e) Was the output (TPll) distorted? If S0| how was it 

dietorted? 



COHFIHH YOUR ANSWERS AND REMOTE IROUEt£ (S3 DOWN) 
(3) „ Trouble ^3 - HI SMOItmi Hove S4 UP. 
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(a) Which measured values changed with this troiible? 



(b) The trouble affects the circuitry associated idth (Ql) 

(02) (Both). 

(c) How did this trouble affect th^ waveshapes obsesnred at 
the transistor collectors* 



(d) Could the faulty caq;)oneat be located with an Ohmineter? How? 



CONFIRM YOUR ANSWERS AND REMOVE IBOUHIE (S4 DOWN) 
(4) Trouble *4 ^ R4 OPEN Move S5 UP. 

^ (a) Which measured values changed with this trouble? 



(b) The trouble affects the circuitry associated with (Ql)(Q2). 

(c) Was there a signal at the emitter and collector of Q2? Why? 



8 ,^ ... 
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(d) Has the outtnib(TFll) diotorked? If sOf how was it 

diotorbed? 



CONFIEH YOUR ANSWERS AND BEHOVE TBfXiBLE{SU DOWN) 
(5) Trouble ji^ * 02 OPEN Hova S6 DP* 

(a) Wiicb measured valuee changed idth this trouble? 



(b) The trouble affects the circuitry aeaodated idth (QL)(Q2)« 

(c) Was there a signal at the emitter of Q27 If aof whiy? 



(d) Was there a algnal at the collector of 02? 



(e) Was the output (TFU) distorted? If aOf how was it distorted? 



CONFIRM yOUR ANSWERS AND REMOVE TEtOUBIS (S6 DOWN) 
5* Summary 

a* %]e input signals to the bases of 01 and Q2 are equal in amplitude and 
(in)(iao out of) phase. 

b* Class AB operation of the transistors requires (more)(less) forward 
bias than Glass C and produces (minlmum)(maxijnum) crosaover distortion in the 
output* 

c* Decreasing forward bias will(increase)(decrease) crossover distortion- 
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d*' Hatch the follawlns trouble aymptomg with the malfunctioning drcuiti 



Syiiii)loin_ 

(X) Negative portion of the 
outptit at TP3JL is ndaslng. 

(2) Change in class of oper- 
ation ftrom B to C» 

(3) Positive portion of the 
output at TPll is ndsalng* 

COMFIBH "TOUR ANSWERS 

CONSULT YOUR INSTRUCT.Ii FDR PROGRESS CHECK. 



Malfunction 

(a) QL Circuitry 

(b) 02 Circuitry 

(c) Bias Neiwork 



250 



10 



ANSWERS 10 LABQEUTORr EXEBCISB 37-^ 

DOXBt Huaurcments will vaary idtb each trainer* 

3. Activity - Trainer Faadliarlsatlm 

d(l) ,75 . 



d(2) ,75 



a(3) 



e(l) 4. (3) 



(^aph A 



e(4)(a) conduct 

e(4)(b) cut^ofr 

r(l)(a) ,6 

fdXb) ,4 

f(l)(c) cutofft condocting 

r(l)(d) C 

f(2)(b) decreases 

f(3)(a) ,35 



















1 


















- 





















































































EASE 01 



EA^ 02 











; 










1 






























































V 




V 








V 















































BA^ OL 



EMITTER 01 



f(3)(b) '65 
r(3)(c) AB 

g(3)(a) fonrardt decrease 
g(3)(b) .4B 
h(l) ,03^ 
h(2) .lU 
h(3) Increase 
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A. Activity - Troubleshooting 
3tep 0 

(l)(a) TP6, TPe, TP9, TPll and TPA to TP6. 

(l)(b) QL 

(l)(e) Yee. The signal coupled I^om base to emitter. Autotransformer 

coupled by the primary of T2 £rom collector of Q2 to collecior of QL* 

(1) (d) Yee. Negative alternation clipped. 

(2) (a) TPAi TP6, TPS, TP9 and TEll. 
(2)(b) QL 

(2)(c) Very small. QL does not conduct emitter to collector./ 

(2)(d) Yes. Autotransformer coupled by primary of T2 troni collector 

of 02. 

(2) (e) Yes. Negative alternation cll>.ped. 

(3) (a) TP6, TP7, TF8, TF9f TFll, TPA to TP6 and TP5 to TP7. 

f3)fb) both 01 and 02 ' / 

(3}(c} Smaller than normal. Severe crossover distortion. 

(3)(d) Yes. Measure resistance I^om Tl center tap to ground with 
power off. j 

(A)(a) IP7, TPS, TP9t TPU and TP5 to IP7. j 

(A)(b) 02 

(A)(c) Yes. Signal is still coupled £rom base to emitter. Autotrans- 
former Coupled by primary of T2 to collector of Q2. 

(A)(d) Yes. Positive altsmation clipped. 

(5)(a) TP5» TF7, TF8, IP9 and WOl. 

(5)(b) 02 

(5)(c) Very small. 02 is. not conducting I^om emitter to collector. 

(5)(d) Yes. Signal is autotransformer coupled I^om collector of 
Ql to collector of 02. ^ 

(5)(e) Yes. Positive alternation clipped. 



5* Sumnaxy 

a. IdO^ out of 

b. moret ^mtnlmum 

c. Increase 

d. (l)-a, (2)-c, (3)-b 
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TEST 
POINTS 


NOMINAL 
VALUES 


NORMAL 
MEASURED 


R-3 OPEN 


TROUBLE 
0-1 OPEN 


TROUBLE 
R-1 SHORT 


TROUBLE 
R-4 OPEN 


TROUBLE 
0*2 OPEN 


TPl - TP2 
INPUT SIGNAL 
(OfciUogcop^t 


■ IV Pk-Pk 














TP4 - GND 
BASE 01 
(OfciUofcope) 


,4V Pk.Pk 

^. 














TPS - GND 
BASE 02 


. 4V Pk*Pk 

A 














TP6 - GND 
EMITTER 01 
(pBciUofcope) -• 


.2V Pk-Pk 




























TP? - GND 
EMITTER 02 
(OftciUoacope 


, 2V Pk-Pk 














V 














TP8 * GND 
COLLECTOR 01 
(OaciUofcope) 


2, ZV Pk-Pk 














TP9 - GND 
COLLECTOR 02 
(OiciUo0Cope) 
















TPU - TP12 
. OUTPUT SIGNAL 
(OaciUofCope) 


, S V Pk-Pk 














TP4 - TP6 
(Multimeter) 


*. IVDC 














TPS -TP7 
VeB 02 
(Multimeter) 


IVDC 
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Chart 1. Troubleshooting Summary Chart 
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Figure 1. Transistor Push-Pull Ampimer 



; 255 



ATC GP 3AQR3X020-X 



prepared by Keesler TTC 
KEP-GP-38 



Technical Training 

Electronic Principles (Modular Self-Paced) 
Module 38 

TROUBLESHOOTING SOLID STATE NARROW BAND AMPLIFIERS 



December 1975 




AIR TRAINING COMMAND 
D«sign«(i For ATC CovrM Um - 

^TC KMAler 6*2580 

00 HOT use QH TH€ JOm 

I 

256 



Radar Priaciples Branch 

Keesler Air Force Base, Mississippi 



ATC GP 3AQR3X020-X 
KErP-GP-38 
December 1975 



ELECTRONIC PRINCIPLES (MODULAR SELF-PACED) 
MODULE 38 

TROUBLESHOOTING SOLID STATE NARROW BAND AMPLIFIERS 

This Guidance Package is designed to guide you through this module of the Electronic 
Principles Course. This Guidance Package contains specific information, including references 
to other resources you may study, which v;ill enable you to satisfy the learning objectives. 

CONTENTS 



TiUe 

Overview 

L.St of Resources 

Adjunct Ciiide 

Laboratory Exercise 

Module Self*Check 

Answers 



OVERVIEW 

1. SCOPE: Devices which amplify signals 
in the RF spectrum are sometimes called 
NARROW BAND AMPLIFIERS. When a radio, 
television, or radar signal is picked up by an 
antenna it is usually very weak and in the 
order of millivolts or even microvolts in 
amplitude. Narrow band amplifiers are used 
to amplify these weak signals enough that 
they can be used, eventually, to drive some 
load. Because of the freq^uency range of these 
amplifiers, Interelement and stray 
capacitance and inductance, feedback, and 
interstage coupling become critical. This 
chapter discusses the neutralization and 
unilateralization of narrow band amplifiers, 
effects of load changes; on Q and bandwidth, 
feedback, interstage coupling, and trouble^ 
shooting. 

2, OBJECTIVES: Upon completion of this 
module, you should be able to satisfy the 
following objectives. 



Page 
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1 

4 
10 
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a. Given a list of statements^ select the 
one which describes the effects of load 
changes on Q and bandwidth of a narrow 
band ainplifier. 

b. Given a list of statements, select the 
one which describes the effects of regen- 
erative feedback on narrow band amplifier 
stability; distortion; gain. 

c. Given frequency response curves for 
transformer coupling, select the ones which 
identify under coupling; overcOupling; critical 
coupling. 

d. Given schematic diagrams of narrow 
band amplifiers, identify the neutralization 
or unilateralization components. 

e. Given a transistor radio frequency 
amplifier trainer, multimeter, and oscillo-^ 
scope, plot the frequency response .curve 
and determine the banc^ass and bandwidth at 
the half power points within ±10 percent 
accuracy. 



Supersedes KEP^GP*3d, dated 1 June 1975. 
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f. Given a trainer having an Inoperative 
tranalstor narrow band amplifier^ schematic 
diagram, mulUmeten and osclUoscqp^, 
determine the laulty component two out ot 
three times. 

LIST OF ^RESOURCES 

To satisfy the objectives ol this module, 
you may choose, according to your training, 
experience* and preference^ any or all of the 
follo^ning: 



generally classified as narrow band aiitpU- 
flers. Most of your previous study has been 
associated vlth current operated devices In 
the low frequency audio range vAdch differs 
considerably in characteristics from RF 
amplifiers. This chapter Investigates the 
terms and QperaUonal characteristics of RF 
an^lifiers, methods of coiq;>llng, cascaded 
RF amplitlerSf and trouble analysis. Study 
the material carefully as you will encounter 
RF^^f-ampUflers wherever radio frequency 
signals are used. 



READING^^ MATERIALS: 
Digest 

Adjunct Guide vlth Student Text V 

LABORATORY EXERCISE: 

38-1, Troubleshooting Solid state Narrow 
Band Amplifiers 



DR / 



A. Turn to Student Text, Volume V, andread 
paragraphs 6*^1 through 6-13. Return to this 
page and answer the following questions. 



1. By comparison to ^ slhgle stage Rl" 
amplifier, the resultant bandwidth of two or 
more RF stages connected in cascade is 



AT THIS POINT, IF roU FEEL THAT 
THROUGH PREVIOUS EXPERIENCE OR 
TRAINING YOU ABE FAMILIAR WITH / . 
THIS SUBJECT, YOU HAY TAKE THE 
MODULE SELF-CHECK. IF NOT, SELECT 
ONE OF THE RESOURCES AND BEGIN 
STUDY. 



2. What is the effect on selectivity ot a 
receiver where additional stages of tuned 



circuits are added? 



CONSULT YOUR INSTRUCTOR IF YOU 
NEED HELP. 

ADJUNCT GUIDE 

Study the referencedmaterials as directed. 

Return to this guide and answer the 
questions. 

Confirm your answers at the back of this 
Guidance Package. 

If you escperience any difficulty, contact 
your Instructor. 



3. Referring to figure 38-1, ti^e selectionctf 
the signal(s) to be amplified by Ql is accom* 

pushed by irtiat components? 



4. Where is the input signal voltage for Ql 
develqped in figure 38-1? 



Begin the program. 



tn this modulr you will study circuits 
that operate in the radio frequency spectrum. 
These radio freqjuency (RF) circuits are 



5. Why are the antenna and collector tank 
circuits tuned to resonate at the same 



frequency^? 



1 
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ANTENNA 



FREQUENa 
SELECTOR 




6. The response ctrves for each stage of a 
three-stage cascade tu- ?d RF amplifier will 
be Identical. (True) (Fals;*) 



Figure 38-1. Transistor RF Amplifier 

Collector voltage (Vq of Ql is zero), 
c. Bias voltage to Ql present. 



7. Noise vbltages at the limits of the 
bandpass can be minimized by decreasing 
the bandwidth, (True) (False) 

CONFIRM YOUR ANSWERS. 



B. Turn to Student Text, Volume V, and 
read paragraphs 6-14 through 6*30. Return 
to this page and answer the following 
questions. 



R^fer to figure 38-1 for questions 1 
thrc^gh 4. 

1. Given the following symptoms, determine 
the malfunction: 

a. Output signal lower than normal. 

b. Bandwidth increased. 

c. Collector voltage normal. 

d. fp of first tank higher than normal: 

2. Given the following symptoms, determine 
^he malfunction: 

a. No output signal. 



3 . Given the following symptoms, determine 
the malfunction; ~ 

a. No ouj^ut signal at secondary of T2« 

b. DC voltage in collector circuit slightly 
higher than normal. 

c. Ql checks good. 

4. Given the following symptoms, determine 

the malfunction: ca:^^ 

a. No output signal. 
^ b. Bias voltage normal, 
c. Collector voltage normal. 



5. Narrow* band amplifiers use resonant 
circuits to estat>li6h the selectivity and 
sensitivity of the system. (True) (False) 

CONFIRM YOUR ANSWERS. 



C. Turn to Student Text, Volume V, and 
read Paragraphs 6-31through6-54. Return to 
this page and answer the following questions. 
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1* The primary anchor seccuidaSty windings 
of RF traiutformers are tank circuits tuned 
to a specific resonant frequency. (True) 
(False) 

2* Why Is It ^deslralide for tuned RF circuits 
to have a relatively high Q? 



3. One of the functions of an interstage 

transformer is to match the 

.output resistance of one stage to the 

input resistance of 

the next stage. . 

4. In a dout>le tuned transformer circuit, 
both the primary and the secondary ^windings 
contain tunable resonant circuits. (True) 
(False) 

5. What three factors affect the bam^ass 
characteristics of ^doubletunedtransformer 

circuit? 




Figure 38-2. Oout>le Tuned 
^ Transformer Response Curves 

Refer to Cigure 38-2 for questions .6 
through 10. 

6. The response curve numbered #1 mmld 
depict ivhat type of coi;ipling? 



7. Optimum coupllog >vould be represented 
by curve number * 

8. Critical coupling would be shown by 
curve number . 



9. Curve number 4 represents . 

10. Select the curve which would Illustrate 
the maximum transfer of energy in a dout>le 

tuned transformer circuit " 

11. -The characteristics and physical con- 
struction of transformers used as coupling 
devices at high frequencies are the same 
as thosei used in audio frequencies. (True) 
(False) 

CONFIRM YOUR ANSWERS* 



0^ Turn to Student Text^ Volumo and 
read paragraphs 6*55 through 6*67* Return to 
this page and answer the following questions. 



1- The transferring of energy from a high 
level point back to a low level point in a 

system is known as . 

2. What , are the two types of feedback? 



3. The t3^e of feedback that opposes the 
iiKPut signal is known as ^ * 

4. The type ot feedback which aids the input 
signal is known as [ ^ 

5. What type of feedback is used when a 
high gain is required from a stage? 



3 
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6. The means by which a circuit is made to 
transfer energy in only one direction is 

called . 

it 

7. The process of providing degenerative 
feedback to cancel the effects of regenerative 

feedback is known as . 



8p Neutralizing Components are used to 



Compensate for 



feedback in transistors, 
CONFIRM YOUR ANSWERS, 



Turn to Laboratory Exercise 38-1 and 
complete all sections before returning td 
this page. If you have any difficulty, contact 
your instructor. The material in this 
laboratory exercise is arranged to give you 
e^erience in troubleshooting solid state 
narrow band amplifiers. After performing 
this exercise return to this page, 

YOU MAY STUDY ANOTHER RESOURCE 
OR TAKE THE MODULE SELF-CHECK, 



LABORATORY EXERCISE 38-1 
OBJECTIVES: 

1 . Given a transistor radio frequency 
amplifier trainer, multimeter and oscillo- 
scope^ plot the frequency response ciirveand 
determine the bam^ass and bandwidth at the 
half power points within ± 10 percent 
accuracy. 



2, Gl^ven a trainer having an inoperative 
transistor narrow band amplifier, schematic 
diagram, multimeter^ and oscilloscope^ 
determine the faulty component two out of 
three times/ 



EQUIPMENT: 

1p Solid State Radio Frequency Amplifier 
.(Trainer #5971) 

2, Solid ^te Pov^r Supply (Trainer #4649) 

3, Oscilloscope 

4, Multimeter 

REFERENCES: 

Student Text* Chapter 6 

CAUTION; OBSERVE BOTH PERSONNEL 
AND EQUIPMENT SAFETY RULES AT 
ALL TIMES, REMOVE WATCHES AND 
RINGS, 

PROCEDURES: 

1. Analysis of the Trainer 

The RF amplifier trainer schematic is 
shown in figure 38-3. 

b. The trainer incorporates a variable 
resistor (RlOl) for varying forward bias on 
QlOl (gain Control), 

c. The trainer has a built-in signal gen- 
erator with Controls for varying the frequency 
and the amplitude of the input signal, 

i ■ 

d. The trainer has a switch (SlOl) for 
inserting or removing the emitter bypass 
capacitor (C102). 

2. Preparation of Equipment 



a. Oscilloscope 
Controls 

POWER 
CHI Vert. Pos. 
CHI VOLTS/CM 
CHOP/ ALT 
CHI AC/GND/DC 
TRIG SELECT 
USVSL 



Positton 
ON 

Mictpositlon 
.5 CAL 
ALT 

AC, , 
CHI + 

— AUT^ 



Upon Completton of this exercise^ h9.ve 
your instructor initial these objectives on 
your progress check. 



PULLXIOMAG 
SEPARATE/ 
CHI & CH2 
AC/ACF/DC 



Push in 
SEPARATE 

ACF 
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NOTE; Connect the oscilloscope ground to 
the trainer ground. 



b. Adjust the AMPLITUDE CONTROL on 
the trainer for a signal diaplay on the 
oscilloscope. 



bp Trainer Controls 

FREQUENCY 
AMPLITUDE 
GAIN 
SlOl 



455 l£Bz (approx) 
Fully Clockwise 
Fully Cloclnvise 
Right 



c. Adjust the FREQUENCY CONTROL on 
the trainer for mOTiwuitp signal amplitude 
on the oscilloscope. 



d. Adjust the GAIN CONTROL' on the 
trainer for maximum signal amplitude on 
th$ osciUoscope, 



C. Power Supply to Trainer 



(1) Connect power siqpply to trainer with 
power cable. 



e. Alternately adjust the FREQUENCY 
CONTROL for maximum signal amplitude 
and the AMPUTUDE CONTROL for 1 volt 
peak to peak signal. (Use the 0.2 VOLT/CM 
setting.) 



(2) Set v^^ for 8 volts (use multimeter 
to check TP105 and ground). 



3. Activity 



IF YOU ARE UNABLE TO OBTAIN 1 
VOLT PEAK TO PEAK, CALL THE 
INSTRUCTOR, 



a, INSTRUCTION; Preliminary adjust- 
mentSp Observe the signal at TP106. Adjust 
the TIME/CM on the oscilloscope for several 
cycles of display. 



NOTE; DO NOT CHANGE THE SETTING 
OF THE AMPLITUDE OR GAIN CONTROL 
FOR THE REMAINDER OF THIS 
PRACTICAL EXERCISE. 



TP-tot 



SrGNAL 
GENERATOR 

'3 . - 

AMPLITUDE ~ 

CONTROL 



M TP-102 ^-i"' 



T-102 



fills — ® 




0+8V CWD 
Figure 38-3. Transistor Radio Frequency Amplifier 
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Figure 38-4i Record of 
Frequency/ Amplitude 

f« Record the resonant frequency from 
the trainer FREQUENCY OOrfiROL (fr to 
the nearest 10 kHz), and the amplitude from 
the oscilloscope in the appropriate place in 
figure 38-4, 

(1) Using the frequency control adjust- 
ment, decrease the frequency by 10 kHz. 
Record the frequency and amplitude on the 
Une labeled *10 kHz in figure 38-4. 

(2) Continue to decrease the frequency 
in 10 kHz steps and record the frequency and 
amplitude in the appropriate areas of figure 
36-4. 

(3) Return the frequency control to the 
resonant freqjuency. 

(4) Using the frequency control adjust* 
mentt increase the frequency by 10 kHz. 
Record the frequency and amplitude on the 
line labeled +10 kHz in figure 38-4. 

(5) Continue to increase the frequency 
in 10 kHz steps and record the frequency and 
amplitude in the appropriate areas of figure 
.38-^4. 

g. Analysis of frequency response curve: 



' 1.0 
0.9 

" 0.8 
07 

AMPLITUDE 
. (VOLTS) 0.5 

0.4 

0.3 

0.2 

0.1 



m ^ £ ^ ^ fis 

J I I — _±_ + *- 



REP4-14C5 

Figure 3S-5. Frequency 
Response Curve 

(2) Draw a connecting line between each 
amplitude/ frequency value in figure 38*5. 

(3) Mark the half power points on the 
frequency response curve (half power points 
= .707xEp,j). 

(4) The frequency at the lower half 



power point = 



kHz. 



(5) The frequency at the upper power 
point = kHz. 



(6) The bandpass, is from 



kHz to 



kHz. 



(7) The bandwidth is 



kHz. 



CONFIRM ANSWERS WITH INSTRUCTOR. 

h. Return the frequency cot^trol to the 
resonant frequency. 

4. Activity 

The remainder of this practical exercise 
is devoted to troubleshooting analysis of the 
problems inserted within the trainer which 
jssdll maka— it inoperative or^ — function— 



(1) Plot the frequencies and amplitudes 
recorded In figure 38-4 on figure 38-5 by 
placing a dot at the intersection of the fre- 
quency and voltage levels. 



abnormally. This laboratory exercise will 
provide practice in associating symptoms of 
a malfunction to a specific trouble and will 
be conducted in the following sequence . 



6 

2G3 



UCASUReUENT 
POINTS 



NORUAL 



h OPEN 
T-l 
PRJ, 



2. Of EN 
T-J 
SEC 



3* OPEN 

0-J 
EUJTTER 



4. OPEN 
0-1 
COLL. 



5, OPEN 
PRL 



FrJmory SJgraJ 
VdJMgt (Pk-Pk) 
TP101 to Gnd 



Bat* Slgrat 
VdJtag* (Pk-Pk) 
TPt02toCnd 



ColJtctor SlgnaJ 
VdJtoQf iPk-Pk) 
TPIOatoGnd 



d. Output Signal 
VdltqQt iPk-Pk) 
TP*t06t9Cnd 



OI01 Bos* Vdltogt 



O10I EmlttM- 
TPt04t9Cnd 



Old Cotl«c10r 
Vdltog* (Vc) 
TPIOatoCfMi 



ApplM Voltoga 
IVqc) TP»W 
to Gnd 



Figure 36-6, Troubleshooting Summary Chart (Narrow Band Amplifier) 



a* The hormai voltage and waveshape 
measurements -will be taken and recorded 
on the troubleshooting summary chart (figure 
36-6). 



b* A known trouble will then be placed 
in the trainer, and voltage and waveshape 
measurements wiU be. taken and recorded 
in the appropriate blocks on figure 36-6* 

c. Next 3rou wiU be questioned to assure 
association of the abnormal readings to the 
inserted trouble. 



d. This procedure wiU be repeated for 
aU five troubles. 



e. Call your instructor and he wiU insert 
an unknown trouble in your trainer. You wiU 
then take the same voltage and waveshape 
measurements. From thelrvaiuesyoushould 
be able to identify the trouble, 

NOTE: Figure 36-7 illustrates the locatj^ona 
of the switches that simulate the five troubles 
that can be inserted in the trainer. 



PROCEDURES FOR MEASURING 
VOLTAGE AND WAVESAPES; 

1/ FoUow procedures used in setting tq[) the 
trainer and test equipment that you used in 
the first section of this laboratory e^^rcise 
(pages 4 and 5). BE SURE TO ADJUST 
THE Vqq to eV AND TOE INPUT 
WAVEFORM TO IV PK-PK. It is necessary 
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to check this adjustment before each set of 
measurements- The first step in this part 
of the exercise will be to establish iffhat the 
NORMAL voltages and waveforms are for 
the narrow band amplifier. Follow the pro-* 
cedure below to measure and record the 
values for the circuit. Record the values in 
the NORMAL column, figure 38-*6, Trouble^ 
shooting Summary Chart, on page 7. 



a. PRIMARY SIGNAL VOLTAGE (TPlOl 
to GND). Measure and record the pWp^^ 
amplitude of the sine wave signal observed 
at TPIOI. 

b. BASE SIGNAL VOLTAGE (TP102 
to GND). Measure and record the pK/p)^ 
amplitude of the sine wave signal observed 
at TP102. 

c. COLLECTOR SIGNAL VOLTAGE 
(TP103 to GND). Measure and record the 
plc/pk amplitude of the sine wave signal 
observed at TP 103. 

d. OUTPUT SIGNAL VOLTAGE (TP106 
to GND). Measure and record the plc/pk 
amplitude of the sine wave at TP106. This 
was set at IV in preparing for the exercise. 
II it is no longer IV, it should be readjusted 
to IV and the prece^Jing measurements 
^repeated. 

e. BASE VOLTAGE (VB)onQ101(TP102 
to GND). Place the mfiter function switch on 
the 20 Ic/volt position and the range switch 
to 2.5. Measure and record the voltage 
between TP102 and ground. 

f. Emitter voltage on QIOl (TP104 to 
GND). Place the meter range switch on 2.5. 
Record the voltage between TP1C4 and GND. 



g. Collector voltage on QlOl (TP103 to 
GND). Place the rpeter range switch on lo. 
Record the voltage between TP103andgrGund. 



h. Applied voltage (V^^). Placetherange 
switch of the meter on 10. Measure and 
record the voltage between TPl05andground. 



The trainer has the capability of simulating 
five different troubles as indicated at the top 
of figure 38-*6. These troiibles can be 
simulated by selecting the proper switch 
located in the compartment on the trainer. 



The first step will be to insert the trouble 
and then measure and record the voltages 
and waveforms in the same sequence as was 
followed when the measurements were made 
for normal circuit operation The second 
step will be to compare these readings with 
the normal readings in an effort to establish 
an insight to circuit malfunctions. 



EXERCISE 1 - OPEN 
TRANSFORMER T161 PRIMARY 

Insert the trouble "Open Pri. Tl" by 
raising the switch in the compartment. 
Before taKing your measurements, adjust the 
power supply for 8V. Refer to figure 38*7 
for the electrical location of the switch that 
simulates the trouble "Open Pri. Tl.^' Note 
that the switches are labeled ''T^, Ql, and 
T2" ivhile on the tqp panel the ^ame com- 
ponents are labeled "TIOL QlOl^ andT102." 
If you have any questions, consult your 
instructor. 

Follow the procedures for. taking voltage 
and waveforms used for obtaining the 
NORMAL measurements. Record your 
measurements under ''OPEN Tl PRI" on the 
Troiibleshooting Summary Chart. 

1, What measurement was significantly dU-* 

ferent from th^ normal? , 



2. Why were no other measurements greatly 
affected? : - 



EXERCISE 2 - OPEN 
TRANSFORMER TlOl SECOJ>IDABY 

Insert the trouble "Open Sec. Tl." Follow 
the procedures used for Exercise 1, and 
answer the following (Questions. 



2G5 



3, What measurements ' changed greatly 
from NORMAL? 



Why? 



EXERCISE 5 - OPEN 
TRANSFORMER PRIMARY T2 

Insert the trouble "Open Pri, T2/' Follow 
the procedures used for Exercise 1 and 
answer the following questions, 

1* What measurements were appreciably 
different from NORMAL measurements? 



2, Which of these measurements identifies 
the trouble as an open in T2? 

Why? 



CONFIRM YOUR ANSWERS, 

MODULE SELF-CHECK 

1, Identify the two neutralizing components 
in the two stage RF amplifier shown in 

figure 38-8, _1 



2, Neutralizing components are used to 
cancel what type of feedbaclc in transistors? 




1, Did the voltage at TP102 change 

significantly? 

Why? 



2, Why did the voltage at TP104 reduce to 

almost zero? 

EJCERCISE 3 - OPEN 

TRANSISTOR EMITTER Ql \ 

Insert the trouble "Open E Ql," Follow 
the procedures used for exercise 1 and 
answer the following questions, 

1 , What two measurements are changed 
significantly when the emitter is open? 



Why? 



EXERCISE 4 - OPEN 
TRANSISTOR COLLECTOR Ql 

Insert the trouble "Open C Ql," Follow 
the procedures used for Exercise I and 
answer the following questions, 

1, What is the collector voltage measured 
at TP103? , 

2, Why is the collector voltage not zero? 



R 



Figure 38*9. Ur»llaterilized Tuned Amplifier 



3 . NeutraUsKlng components provide de* 
generative feedback to compensate for the 
r^enerative effect of reactive feedback in 
transistors* (True) (False) 

4, Identify the two unllateraliz^tion com* 
ponents in the circuit shown in figure 38*9, 



5p Unilaterilization. components are used 
to cancel what type of feedback in an RF 



9, Gain 



in a 



narrow band amplifier with regenerative 
feedback. 



transistor amplifier? 




6. Increasing the load on a narrow band 
amplifier results ia an: ^ 

a. Increased Q and bandvidth. 

_ bp Increased Q and decreased bandvidth. 

c. Decreased Q and increased bandwidth, 

dp Decreased Q and decreasedbandwidth, 

7. When regenerative feedback is used in a 
iisir row band amplifier the stability 
decreases. (True) (False) 

8. When regenerative feedback is used in a 
narrow band a mp 1 1 f 1 e r , distortion 



REP4^1327 



Figure 38*10. Double Tuned 
Transformer Response Curves 

Refer to figure 38-10 for questions 10 
through 12, 

10; Select the curve which identifies under- 
coupling, \ 

11, Select the curve which identifies over- 
cO^pllng, ' . 

12. Select the curve which identifies critical 
coupling, : 
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CONFIRM YOUR ANSWERS. 



ANSWERS TO A; 



1. 


narrower 


2. 


selectivity increases 


3. 


CI and Tl primary 


4. 


secondary of Tl 


5. 


improve selectivity 


6. 


False 


7. 


True 



If you missed ANY questions, review the 
material before you contiiiue, 

ANSWERS TO B: 

1. CI open 

2. T2 primary open; C5 short; R4 open 

3. C4 or T2 primary shorted 

4. Tl primary open or shorted; CI shorted; 
T2 secondary opea or shorted 

5. True 

If you missed ANY questions, review the 
material before you continue. 



ANSWERS . TO C: 
1^ True 

2. increased, selectivity and sensitivity 

3. high, low / 

4. True 

5. a> Primary to secondary coiqpling 
coefficient 

b. The Q of the circuit 

c. Mutual inductance 

12 



6. loose 

7. #3 

8. #2 

9. overcoupllng 

10. #2 - critical counling 

11. False 

If you missed ANY questions^ review the 
material before you continue, 

ANSWERS TO D; 



1. 


feedback 


2. 


regenerative, degenerative 


3. 


r'egenerative 


4, 


regenerative 


5. 


regenerative 


6. 


unilate rallzation 


7. 


unllateralization or neutralization 


8. 


regenerative 



If you missed ANY questions, review the 
material^before you continue. ^ 

_ll ^ \ 

ANSWERS TO LAB EXERCISE 1: 

1^ There was no signal output at TP 106 on 
the oscilloscope. 

2. The open Tl primary prevents the input 
signal from reaching the amplifier part of 
the circuity but it does not interrupt DC path. 
Near normal measurements are, therefore^ 
read at Vqq (TP105) and all points on the 
trai^lstor. 
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ANSWERS TO LAB EXERCISE 2: 



1. The voltage at TP102 actually (Iropato 
zero. When the secondary of Tl Is crpen^ , 
there Is no path for current to flow« Normallyt 
the base current flows from groundt through 
R103t through QlOl emitter to base^ through 
TlOl serondary^ through RlOl and R102 to 
Vqq, If any of these components are open* 
there ^1 be no current and no voltage at 
TP102. 



2. With no current floivlng there will be no 
voltage drcrpped across R103 and so TP104 
will be at ground potential. 



ANSWERS TO LAB EXERCISE 3: ^ 



1. When the emitter Is open, the base 
voltage at TP102 Increases and the emitter 
voltage at TP104 drops to zero. All of the 
voltage wlU be dro^/ped across the open 
emitter^ so a point between the emitter and 
Vqq wiU measure high (TP102)f and a point 
between the emitter and grotmd will measure 
zero (TP104). 



ANSWERS TO LAB EXERCISE 4: 



1. The collector vdtage at TP103 measures 
8 volts (Vcc)* 



2. The current path between the collector 
and^Vcc i3 broken and^ as no fM^rrent can 
flow because of theopencoUectort the voltage 
at TP103 will be maximum. 



3. Base and emitter voltages dropped very 
low because the main current path through 
the collector has been broken. 



ANSWERS TO LAB EXERCISE 5: 

1. Base^ collector^ and emitter voltages all 
drcrp. 

2. Collector voltage at TP103. This 
indicates a break between TP103 andV^^^^. 
The only component in this path is the 
primary of T102. 



ANSWERS TO MODULE SELF-CHECK: 



1. 


C14» C15 


2. 


regenerative 


3. 


True 


4 


»*u> Vu 


5. 


regenerative 


6- 


C 


7. 


True 


8. 


increases 


9. 


increases 


10. 


A 


11. 


D ^ 


12. 


B 



HAVE YOU ANSWERED ALL OF THE 
QUESTIONS CORKECTLY? IF NOT, 
REVIEW THE MATERIAL UNTIL YOU 
CAN ANSWER ALL QUESTIONS COR-. 
RECTLY. IF YOU HAVE, CONSULT 
YOUR INSTRUCTOR FOR FURTHER 
INSTRUCTIONS. 
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Siiper%edies KEP^GP-39« 9 November 1973* Present ti^plles wlll J)e used* 



OVERVIEW 



SOLID STATE WIDEBAND AMPLIHERS 

1. SCOPE. Wideband amidiflers are Ihose whlcti amidliV non->alDusoldal signals sucti as 
square^ rectangular^ sawtcx>Ui« and trapezoidal vravea. These waves^ wl)ich are used In tele* 
vision and radar equipment^ consist crit a fundamental frequency vritti a large number ol tiar-> 
monies. The wide range of frequenclea contained in these signals makes it necessary to use 
amplifiers with a large bandpass. This chapter discusses square vrave characteristics and 
methods of increasing the bandpass of amplitlers. 

2. OBJECTIVES, Upon completloa ot tulc module^ you should be able to j^atlsfy the foUoWlng 
objectives: 

a. Given apictorial diagrsLm of a square wave and a list of statements^ select the ones that 
identify the parts of the^vrave which contain 

^ (1 ) high frequencies. 

(2) lowJrequencies. . 

}x Given a list of statements^ select the one which indicates. the purpose of staggers-tuning 
amplifier stages. 

c. Giyen a trainer having a solid state wideband amplifier^ a square wave inputs schematic 
diagram, and oscilloscope^ draw the output wavesh^is Indicating areas of low and high' 
frequency distortion. ^ 



AT THIS POIWPr^ YOU MAY TAKE THE MODULE SELF-CHECK. 

■' - i 

IF YOU DECIDE NOT TO TAKE THE MOTULE SELF-CHECK* TURN TO. THE NEXT 
PAGE AND PREVIEW THE Lli^r OF RESOURCES. DO NOT HESITATE TO CONSULT 
yOUR INSTRUCTOR IF YOU H AVE ANY QUESTIONS. 
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^LIST OF RESOURCES 

SOLID STATE WIDEBAND AMPLIFIERS 

To satisfy the objectives of ttils mochile, you may choose, according to your ttaining, 
experience, and preference, any or aU of the foliowing: 

READING MATERIALS: ' 
Digest 

Actfunct Guide with Student Text 

LABORATORY EXERCISE; 

Laboratory Exercise 39-1, Solid State Wdeband Ainplliiers 



SELECT ONE OF THE RESOURCES AND BEGIN YOUR STUDY OR TAKE THE MODULE 
SELF-CftECK. 

CONSULT YOUR INSTRUCTOR IF YOU REQUIRE ASSISTANCE. 

3 
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H3T OF RESOURCES 




V 



DIGEST 



SOLID STATE WIDEBAND AMPLIFIERS 

A very Important factor In some applications of amiOifiers lo tbe ability ^to amplify non^ 
sinusoidal signals. These include sawtooth, trapezc^dal, and square waves. They consist of 
some fundamental frequency plus a large number of harmonics. To^nithAilly reproduce the 
signal, an amplifier must ampll^jT ttae fundamental and aU harmonics equally. This typo of 
amplifier is called a wideband or video amplifier. Television or video signals are usually 
square or rectangular waves. A sqMare wave consists of a fundamental frequency plus an 
infinite number odd harmonics. TUs means that an an^ifler must be able to ampll^ a wide 
range of frequencies in order to r^roduce a square wave. Figure 1 represents a square wave 
and shows its different dimensions. 



ALTERNATION 



AvTCfiNATlON 



■cvaE 



REP4'1254 



Figure 1. Square Wave 



The vertical leading and trailing edges of the wave contain the high frequencies. The flat 
tops and bottoms contain low freqisncies. The frequency range of a video amplifier (typical 
wideband amplifier) must be from about 10 herts to a'^'^ ^ niegahertz. Two frequency 
resqonse Umitations must be overcome before a standard amplifier can be used for wideband 
amplification. Figure 2 shows the limiting factor of such an amplifier. The low frequence 
response is limited by The reactance of C increases as frequency decreases. 




Figure ?, EC Coupled Amplifier Showing Capadtive 
Effect at High Frequencies 
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DIGEST 



Since Cp is in series^ it drops more voltage at Low frequencies Leaving'Le :s to be applied 
as an input to Q2, High frequency response is limited by the dotted capacitances Cq and 
Cq represent^ the output and stray capacitance of Ql and is the input capacitance of Q2, 
As frequency increases^ the reactance of Cq and C| decrease^ causing a loss of gain.at high 
frequencies. 

There are several ways to increase the frequency response of an amplifier so that it can 
process wideband signals successfully. One way is to decrease the size of the collector Load 
resistor. This decreases the gain overall^ but at the same time increases frequency response 
at both the high and low end of the band. A method of increasing the low frequency response 
is to Increase the size of the coupling capacitor. Another way to increase low frequency 
response is to add a low frequency compensating network as shown in figure 3. Rp and Cp 
form a filter network which increases the gain at low frequencies only. 




RE:P4-1255 ^ 

Figure 3. Wideband Amplifier^ Low Frequency Compensation 



At high frequencies, Cp is nearly a short and neither it nor Rp is in the circuit. However, 
at low frequencies, Cp is a large reactance. This large reactance Is in parallel with Hp and 
both are in series with Rl> which increases the collector load resistance and gain at low 
frequencies. 

A way to increase high frequency response of an amplifier is through the use of shunt and 
series peaking coils. Figure 4 shows how these coils are placed in the circuit. LI (figure 4A) 
is in shunt with the signal path and Co forms a parallel resonant circuit with Cq and Q 
(C^ is a short athighfrequencies). Acharacteristic of a parallel tank circuit is high impedance. 
Without LI, Cq provides a low impedance path to ground. With LI, the parallel tank is a high 
impedance and therefore, the gain at high frequencies is increased. 

L2 (figure 4B} Is a series peaking coil. It is in series witti the signal and forms a series 
resonant circuit with (Cc is a short at high frequencies). The characteristics of a series 
tank circuit are low overall impedance, high current, and high voltage across either ;:eactance. 
The series tank causes a high voltage across C^ at high frequencies, and again, the cain at 
these frequencies is increased. Figure 4C shows the use of both series and shunt high fre^ 
quency compensation. 

Figure 5 shows a fully compensated wideband amplifier. Collector loads R4 and R8 are 
small to increase overall frequency response. Coupling capacitor CI, C3, and 05 are lar^e 
to increase low frequency response. Low frequency compensating networks R3-'C2 and R7-'C4 
^Iso increase low frequency response. Shunt peaking coils LI and L3 and series peaking coils 
^2 and L4 increase high frequency response. 
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SERIES COMPENSATION 



L2 
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INPUT 



LI 



Q2 



-i. 



OUTPUT 



SERIES-SHUNf COMPENSATION 



RBP4-X256 



Figure 4. Wideband Amplifier, Hli^ Frequency Compensation 




REP4-1259 

Figure 5. Compensated Wdeband AmpUtler 
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DIGEST 



Another way to Increase the bandwidth o£ amplifiers Is through the use of STAGGER tuning. 
In this method, one transformer-coupled RF stage Is tuned above the desired center frequency 
and one below, Th** resultant bandwidth Is greater than If each stage were tuned to the center 
frequency. Figure 6 Is a simplified schematic of two stages set up for stagger tuning. The 
center frequency is 450 kHz, LI and CI are tunedto 443 kHz. The output tank (L2-C2) Is tuned 
to 457 kHz. The resultant bandwidth for both stages is greater than It would be If the tuned 
circuits were all tuned to the center frequency. 



TUNED CKT I TUNED CKT 2 




CEKTER FREQ = dSO kHi 



Figure 6. Staggered pair PF Amplifier (StmpUfied Schematic) 



In troubleshooting a two-stage^ Mly compensated wideband amplifier^ we will discuss only 
those faults which could cause problems with either the low or high frequency gain of the cir- 
cuit The waveshapes shown In figure 7 Indicate the results of shorted or opened frequency 
compensating components. Use figure !7 In conjunction with figure 5/ Part A shows ttie square 
wave input and part B is the Ideal amplified output The first waveshape in part C Is labeled 
LOW FREQUENCY LOSS and Indicates a lack of gain at low frequencies, R3, H7j C2, or C4 
could be shorted. The second wave in part C shows increased gain at high frequencies indicate 
ing C2 or C4 open. The first wave in part D is the result of a shorted peaking coil (LI, L2| 
L3» or L4). In many cases, the peaking coils are tunable and can be maladjusted. The results 
of maladju^ed peaking coils are shown In the second waveshape in part D, 
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Figure 7. Wideband Amplifier Waveforms 



YOU MAY STUDY ANOTHER RESOURCE OR TAKE THE^MODULE SELF-CHECK. 
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... ADJUNCT GUIDE 

SOLID STATE WIDE BAND AMPLIFffiRS,,.- 
INSTHUCTK>NS: ^ /■■"" 

Study the referenced material as directed. 
Return to thla guide and answer fhe queaUoos. 

Check your answers against the answers at jther^tcq;> of the page following the questions. 
If you esiperience any dlfHcuLtyi cpntact your instructor. 
Turn the page and begin the program. 
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ADJUNCT GUIDE 



In previous modules your studies were mostly associated witii devices dealing with sinus- 
oidal signals^ which vary in proportion to the sine oi an aiigle or time function. These signals 
were related to certain frequencies which were grouped In a relatively narrow frequency 
spectrum and amplified by circuits designed to pass only this narrow ba.:dwldth. 

In this module you will be studying circuits with the ability to amplify nonslnusoidal signals 
as welL These signals do not vary at a sine wave rate and have a large number of harmonics 
such as those generated by timing and sweep circuits* The type of amplifiers used for these 
signals are classified as wide band or video amplifiers which must have the capability of 
amplifying an extremely wide spectrum of frequencies* 

Video amplifiers are commonly associated with electronic systems which present some 
type of display such as found in radar and T.V. systems. 

A. Turn to the Student Te3ct» Volume V» and read paragraphs 7-1 through 7-19. Re- 
turn to this page and answer the following questions. 

L A periodic wave which alternately assumes one of two fixed values^ one posi- 
tive and t.^e other negative^ is the definition for a . 

2. The sides of a square wave represent the frequencies. 

3. The tops and bottoms (Hat portions) o" a square wave represent the 

.._ frequencies. 

4. A square wave Is composed of a fundamental frequency and an infinite number 
of . harmonics. 

5. What is a typical frequency range for a video amplifier? 

8, One meins of obtaining a wide bandwidth for a video amplifier is to use a 
. , load resistor. 

7. How is gain affected by using a small load resistor to obtain a wide bandwidth 
for a video amplifier? . _ ^ 

8. Name two methods used to extend the high frequency portion of a response 
curve in a video amplifier? _ _ „ 



9. Referring to figure 5> name the high frequency compensating components 
associated with Ql. - -- ^^.^ 



10. Name the low frequency compensating components associated with Ql in 
figure 8. 



CONFIRM YOUR ANSWERS ON THE NEXT EVEN NUMBERED PAGE. 
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Figure 8, Compensated Wide Band Amplifier 



B, Tarn to the Student Text, Volume V, and read paragraphs 7-20 through 7-33, 
Return to this page and ans^ver the foUoving questions. 

1. Stagger tuning is another method used to increase the 

of amplifiers. 

2. When stagger tuning two transformer-coupled BF stages, the two circuits are 
tuned above and below the — ^ frequency, 

3. Stagger tuning amplifiers will give a wider bandwidth than tuning each circuit 
to the same frequency. 

(TRUE) (FALSE). 



4. What is accomplished by thei use of low frequency compensation networks in 



the operation of a wide band aThpUfier? ji. 



5. What effect does the low frequency compensation network have on the opera- 
tlon of a wide band ampllfier^at high frequencies? 
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ADJUNCT GUIDE 
ANSWERS TO A: 



1 


9C|UaX^ Wave 


9 


hicrh 


0* 


1 rtiu 


A 


LrUU 


5. 


10 Hz to 4 MHz 


6. 


small 


7. 


gain is reduced 


8. 


shunt and series cornpensatlon 


9. 


LI, L2 


10. 


R3, C2 



If you missed ANY questions, review the material before you continue. 



6. Heferring to figure 9, given the input waveform (A) and the normal output wave- 
form (E) of a wide band amplifier, what type of problem would be indicated if 
wave form C was seen ^ the output ^^ave shape? . 



7, Referring to figure 9 and question 6, what type of problem would be indicated 
if \ ayeform D was present "at the output? . — ™ 



8, Referring to figure 8 and 9. If waveforpi D appeared as the output of figure 8, 
list. the components and condition that could cause this maffunctioru 



9. The presence of waveform F (figure 9) at the output of figure 8 would indicate 



10< Hie presence of waveform E (figure 9) at the output of figure B would indicate a 
malfunction of which components? 



CONFIRM YOUR ANSWERS ON THE NEXT EVEN NUMBERED PAGE. 
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ANSWERS TO B: 



1. 


bandwidth 


2. 


center 


3. 


TRUE 


4. 


eliminates low frequency distortion 


5. 


no effect 


6. 


low frequency loss 


7. 


high frequency loss 


8. 


shorted LI, L2, L3 Or L4. 


9. 


high frequency ove»*ccmpensation 


10. 


C2 or C4 open 



If you missed ANY quesUonSi r&vlew the material before you continue. 



C, Turn to Laboratory Exercise 39*1 and complete all sections belore returning to 
this page. If you have any difficulty contact your Instructor. This exercise will 
enable you to apply the theory of wideband aniplifler circuits you have just studied 
by actual performance and observation on an operational circuit* After performing 
the laboratory exercise return to this page. 
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YOU MAY STUDY ANOTHER RESOURCE OR TAKE THE MODULE SELF-CHECK. 
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LABORATORY EXEROSE 39-1 

SOLID STATE WIDEBAND AMPUFIERS 

OBJECTIVES; Given a trainer having a solid state wideband amplifier, a square wave Input* 
schematic diagram* and osclUoscckpe* draw the output waveshape Indicating 
areas of low and high frequence distortion. 

EQUIPMENT: 1. Video Amplifier Trainer (5348). 

2. Oscilloscope (LA-261). 

REFERENCE: Student Text* Volume V^ Chaptei 7. 

CAUTION: OBSERVE BOTH PERSONNEL AND EQUIPMENT SAFETY 
RULES AT ALL TIMES. REMOVE WATCHES AND RINGS. 

PROCEDURES: 1. Analysis of the trainer. 

a. The wideband amplifier trainer schematic diagram Is shown in figure 10. 

b. The trainer incorporates a built-in square wave signal generator, with 
switch SI for selecting HI or LO frequency signal inputs. 

c. The trainer provides switching arrangements for insertion of high and 
low frequency Compensating circuits. 
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LABORATORY EXERQSE 39-1 




REP4'1407 

Figure 10. Video Amplifier Trainer 

2p Preparation ot the equipment; 

a. Trainer 

CONTROL POSITIOK 

(1) SI LO 

(2) S2 LEFT 

(3) S3 RIGHT 

(4) S4 UP 

(5) S5 RIGHT 
(8) S6 RIGHT 

b. Oscilloscope to trainer: 

(1 ) Ground oscilloscope to trainer TP8, 

(2) Connect A Channel probe to trainer TPt- 

(3) Connect B Channel probe to trainer TP2. 

(4) Connect oBcUloscope trigger Input to trainer TP5. 
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LA60RAT0HT EXERCISE 30*1 

3, Activity: 

a. With switch SI in the LO position, the trainer is set up to function as an uncom** 
pensat^d low frequency wideband amplifier. The following steps will show thd 
effects of the low frequency compensating circuits on the output signal. 

(1) With switch S2 in the left (open) position, observe and draw the waveforms 
that appear at TPl and TP2 on graphs #1 and #2 respectively. 

(2) Ey comparison of the two signals at xPl and TP 2, what effect does the 
coupling capacitor C2 have on the input signal? 



(3) Change switch ^ to the right (closed) position. Observe and draw the wave-* 
form that now appears at TP2 on graph #3. 

(a) What effect did closing switch 32 have on the coupling capacitance? 



(b) What effect did this have on capacltlve reactance ? 



(c) ^y comparison of the waveforms in graph #3 and #2, what effect 
would using a large input coiq[)ling capacitance have on the low fre* 
quency response ? 



(4) Remove the trigger input probe from TP5 and connect the 6 Channel 
probe to TPS. 

(a) Observe and draw the waveform appearing at TPS on graph #4. 

(b) The slope on the top and bottom of the output signal indicates what 
type of <ilfltortlon? 

(c) What is the cause of this type of distortion? 

(5) Change switch SS to the left (open) position. Observe and draw the result* 
ing output waveshapes on graph #5. What is the effect on the output signal, 
with C3 and R6 added to the circuit ? 



ERIC 



CONSULT YOUR INSTRUCTOR FOR VERIFICATION OF YOUR ANSWERS. 
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LABOHATOHY EXEHCISE 39-1 



(6) Change switch S3 to the left (R4} positloiL Observe and draw the resulting 
ou^ut waveform on graph #6, 

(a) What effect did changing the load reslstorfrom 10 k to 5.1 k have 
on the output signal frequency response? 



(b) What effect did this change have on the output signal gain? 



b. Change switch SI to the HI position^ This will allow the trainer to Unction as 
an uncompensated high frequency amplifier. The following steps will show the 
effects of the high frequency compensating circuits on the ou^ut signals. 

(1) With the B Channel probe connected to TP5» adjust the oscilloscope to 
observe two cycles of the signal anddraw the ou^ut waveform on graph #7. 

(2) Cnari^e switch S4 to Hie down (open) position. Observe and draw the result^ 
lag output waveshape on graph #6. 

(a) With LI added to the circuit, which part of the waveform is affected? 



(b) What is the effect on the high frequency response when a shunt peaking 
coll is added to the circuit? 

(3) Change switch S6 to the left (open) position* Observe and draw the result- 
ing output waveform on graph #9, 

(a) With L2 added to the circuity which part of the waveform is affected? 



(b) What is the effect on the high frequency response when a series 
peaking coll is added to the circuit? 



c. Set up the trainer to function as a low frequency^ uncompensated^ wideband 
amplifier. 

(1) Using the oscilloscope measure following: 

(a) Input signal voltage (Pk/Pk) s 

(b) Output signal voltage (Pk/Pk) = ._ 

(c) Amplifier gain ^ . . 



CONSULT YOUH INSTHUCTOH FOR VEHIFICATIOK OF yOUH ANSA^EBS. 
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LABORATORY EXERaSE 39«i 

(2) Change the appropriate controls to allow the trainer to function as a com* 
peneated low frequency wideband amplifier and measure the following: 

(a) Input signal voltage (Flc/Pk) 

(b) Output signal voltage (Ffc/Pk) 

(c) Amplifier gain < 

(3) In an uncompensated amplifier, the output signal gain would be ^ , 

and the frequency distortion would be , 



CONSULT YOUR INSTRUCTOR FOR THE PROGRESS CHECK. 
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MODULE SELF- CHECK 

SOLID STATE WIDEBAND AMPLIFIERS 



QUESTIONS 



1 

1 ^ 

(+) ^ \ 

ALTERNATION ^ 












(-1 








ALTERNATION 






r* CyCL E 

1 1 
1 1 

1 





Figure IK Square Wave 



K Referring to the square wave In figure 11, what frequency range does that portion of the 
wave labeled A represent? 

2. The portion of the square wave labeled B in figure 11 represents what frequency range? 

3. In figure 12, waveform A and B represent the normal input and output of a wideband ampli- 
fier, what would wave form C indicate if it appe&red as the output instead of waveform B. 

4. Referring to question 3. What would waveform D indicate If it appeared as the output 
instead of waveform B. 

5. The purpose of stagger tuning amplifier stages is to 

a. increase bandwidth 

b. increase selectivity 

c. increase gain 

d. decrease bandwidth 

6. In a wideband amplifier what frequencies do the coupling capacitors attenuate ? 

7. In a wideband amplifier with high and low frequency compensation circuits, the com* 
pensatlon circuits operate independently of each other. (TRUE) (FALSE) 
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Figure 12 



6* In a wideband ampimer, the bandwidth ^1 
decreased. 



when the load resistor is 



9* What is the purpose of shunt and series peaking coUs In wideband amplifiers? 
10, What is the disadvantage of decreasing HL to increase bandwidth In a wideband amplifier? 



CONFIRM YOUR ANSWERS ON THE NEXT EVEN NUMBERED PAGE, 
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NOTES 
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ANSWERS TO QUESTIONS; 



1. 


high frequencies 


2, 


low frequencies 


3. 


low frequency loss 


4, 


high frequency loss 


S, 


A 


6. 


low frequencies 


7. 


TRUE 


8. 


Increase 


8. 


high frequency compensation 


10. 


reduced gain 



HAVE YOU ANSWERED ALL OF THE QUESTIONS CORRECTLY? IF NOT, REVIEW THE MA- 
TERUL Ofl STUDY ANOTHER RESOUCE UNTIL YOU CAN ANSWER ALL QUESTIONS COR- 
RECTLY. IF YOU HAVE, CONSULT YOUR INSTRUCTOR FUR FURTHER INSTRUCTIONS. 
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ELECTftONlC PRINCIPLES (MODXJLAR S5Lf-PACt3D) 



MODULE 40 



SATURABLE REACTORS AND MAGNETIC AMPLIFIERS 



This Guidance Package is designed to guide you through this module of the Electronic 
Principles Cours:r. This Guidance Pack^^j; r.jatains sp^clTic information* Including references 
to other resources you may study* enabling you to satisfy the learning objectives. 
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OVERVIEW 

1. SCOPE: Saturable reactors are induc- 
tors 'irth special characteristics And are 
used in power control devices. M;ignetic 
ampifiers use saturable reactors and other 
components to control power. This chapter 
discusses saturable reactor characteristics* 
control functions, and their use in magnetic 
amplifiers. 

2. OBJECTIVES: Upon completion of this 
module, you should be able to satisfy the 
following objectives* 

a< Given the drawing of a hysteresis 
curve for a saturable reactor, identify the; 

(1) Magnetizing iorce. 

(2) Coer^^lve force, 

(3) Residual magnetism. 

(4) Flux density. 

(5) Point of saturation. 



b. Given the schematic drawing of a 
single winding saturable reactor, AC line 
voltage, and Saturating point, identify the 
output waveforms across the; 

U) Reactor winding. 
(2) Load resistor. 

c. Given a List of statements and the 
schematic diagram of atwowtndingsat'irable 
reactor circuit* select the statement(s) that 
describe(s): 

(1) Control winding* 

(2) Load winding. 

(3) Load resistor* 

(4) Control adjustment. 

(5) AC line voltage* 

(6) Control voltage. 

(7) Output waveforms. 

d* Using a schematic diagram andagiven 
set of conditions, develop output waveforms 
for an electrically connected magnetic 
amplifier. 



Supersedes KEP-GP-40, I May 1974* Present .supplies will be used* 
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LIST O? RESOURCES 

To Satisfy the objectives o£ this module, 
you may Chooser according to your training, 
e;q>erienCe and preference^ any or aU of 
the following. 

READING MATERIALS: 

Digest 

Adjunct Guide with Student Text V 
AUDlOVISUALS; 

Television Lesson 30-701, Saturable 
Reactors 

Television Lesson 30,702, Full Wave 
M.ignetiC Amplifier 



AT THIS POINT, IF YOU FEEL THAT 
THROUGH PREVIOUS EXPERIENCE OR 
TRAINING YOU ARE FAMILIAR WITH 
THIS SUBJECT, YOU MAY TAKE THE 
MODULE SELF-CHECK, IF NOT, SELECT 
ONE OF THE RESOURCES AND BEGIN 
STUDY, CONSULT YOUR INSTRUCTOR 
IF YOU NEED HELP, 



ADJUNCT GUIDE 

INSTRUCTIONS; 

Study the referenced material as directed. 

Return to this guide and answer the 
questions. 

Confirm your answers at the back of this 
Guidance Package, 

Contact your instructor il you experience 
any difficulty. 

Begin the program. 



In this module you wiU study amplifier 
Circuits which handle large amounts of power 
and are generally associated with control 
functions. These Circuits use the principles 



of saturable reactors and magnetic ampli- 
fiers. They are simple, rugged, efficient, 
reliable* and capable of providing large 
amounts of power. 



A, Turn to the Student Text, Volume V, 
and read paragraphs 8-1 through 8*22. 
Return to this page and answer the following 
questions, 

1* What are the two magnetic variables in 
a magnetic circuit? 

a. 



b. 

2, The property which opposes the Creation 
of magnetic flux within a coil is . 

3, Core materials used in saturable re* 
actors must be Capable of producing 

values of flux density 

with values of magnetizing 

force, 

4, The ratio which expresses the permea. 
tiility of any material is referred to as the 



5, The magnetizhig force requiredtocanCel 
residual magnetism is called 

6, The ideal hysteresis loop for saturable 

reactors is in shape and 

very in width. 

7, When the Core of a reactor is unsaturated 
the impedance of the reactor is , 

8, At what point of operation of a saturable 
reactor is the line voltage impressed across 

the load resistor? 
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9, W>.iat effect does increasing the magne-* 
tlzing force have on a core that has already 



5* When the core saturates for a longer 
period of timo^ the averagecurrentdelivered 



reached saturation? 



to the load 



10. The plotted cycle of magnetization of a 
saturable core is called a , 

CONFIRM YOUR ANSWERS, 

B. Turn to the Student Text, Volume V, and 
read paragraphs d-23 through Return 
to this page and answer the following 
questions, 

1. How is amplifier action obtained in a 
saturable reactor circuitl 

Refer to figure 40-1 for questions 2 
through 7, 

2. Wnich circuit establishes the time that 
core saturation occurs? 

3, Control current is increased when the 
arm of Rq is moved toward point . 

4, Core saturation occurs faster when the 
control current is . 



6* U the arm of Rq moved to position fi, 
which of the waveshapes would represent 
the current delivered to the load? 



7, If the arm of R^ moved to position A, 
which of the waveshapes would represent 
the current delivered to the load? 



The purpose of having a high impedance 
control winding in a saturable reactor cir* 

cult is to reduce - 



9- What is the purpose of using an iron 
core choke coil in the control circuit of a 

saturable reactor? 



10. A magnetic amplifier cannot have more 
than two windings. (True) (False) 



CONFIRM YOUR ANSWERS. 



YOU MAY STUDY ANOTHER RESOURCE 
OR TAKE THE MODULE SELF-CHECK. 
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Figure 40-1. Saturable Reactor Circuit and Waveshapes 
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MODULE SELF-CHECK 

Refer to figure 40-2 for questions 1 
through 5p 
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Figure 40*2. Hysteresis Loop 

1 . The magnetizing force required for 
saturation during the positive alternation of 

current can be represented by < 



2. The coercive force can be represented 
by 



3. The residual magnetism can be 
represented by - 

4. Maximum flux density is reached at 
levels 3jid - 

5. Tne Initial points of saturation can be 
represented by . 



6. Refer to figure 40-3 and identify the 
waveform across R^. 



7. What waveform would appear across the 
reactor in f7^re 40,3? 



B. 
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A. SIMPLE LOAD CIRCUIT 
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B, VOLTAGE WAVESHAPES 
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Figure 40-3 
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Use figure 40^4 for questions 8throughl4. 




REP4-1436 



Figure 40-4 

8. The control winding is; 

a. L2. 

b. LI. 
Rl. 



11. The control adjustment Is: 
a, Rl- 

c. LI. 

d. RL 

12. The AC line is in: 

a. series with the load and LI. 

b* series wiih the load and L2. 

c. parallel with the load and L2* 

d. series with Rl and LL 

13. The control voltage is; 

a. AC. 

b. DC. 

c. pulsating DC' 



9. The load winding is: 

a. LI. 

b. L2. 

c. Rl- 

d. Rl. 



14. The voltage waveshape delivered to the 
load depends on: 

a. The resistance of the load. 

b. The AC voltage presented to the load. 

c. The setting of Rl. 



10. The load is represented hy: 

a. Rl- 

b. LI. 

c. Rl^ 

d. Er. 



15. An amplifier which employs a saturable 
reactor as its amplifying device is called a 



16. In a mngnetic amplifier (small) (large) 
power changes in th^ control circuit can 
produce (small) (large) power changes in 
the load circuit. 
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ColumQ A 



ColumQ B 



\J_^ T OUTPUT 




(1) 




OUTPUT 



MPUT A.C 




A 



REF4'1343 



(2) 



(3) 



CRl 



N 0 




\jy I OUTPUT 



L2 Rl* 



mpuT AX. 



REF4'1344 



Figure 40-5 



17. See figure 40-5 and match the ou^ut Refer to figure 40-6 for questions 18 

-wave^apes of column B to the half wave 

magnetic amplifier circuits of column A. throu^ 21. 



5 
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Figure 40-6 



18. The circuit is a (half wave) (full wave) 21, Moving the arm of Rl to point C will 
magnetic amplifier. pro<f ice waveshape (A) (B) (C). 

19. With the arm of Rl at point A the circuit 
will produce waveshape (A) (B) (C), 

CONFIRM TOUR ANSWERS. 

20. Moving the arm of Rl to point B will 

produce waveshape (A) (B) (C). 
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ANSWERS TO A: 

1. a. magnetomotive force (MMF) 
b. flux (0) 

2. veluCtanCe 

3. high] low 

4. B-H raUo 

5. Coercive Force 

6. rectangular, narrow 

7. high 

8. luU saturation 

9 . none 

10. hysteresis loop 

If you missed ANY (questions, review the 
material before you continue. 



ANSWERS TO B: 

1. a small power source controlling alai^e 
power source 

2. Control circuit 

3. A 

4. increased 

5. increased 

6. A 

7. C 

8. transforsior action 

9. to reduce transformer action 

10. False 



II you missed ANY questions, review the 
material before you continue. 



ANSWERS TO MODULE SELF-CHECK: 

1. 0 - B 

2. 0 - F, 0-A 

3. 0 - D, O-I 

4. CDE & HU 

5. C andH 

6. C 

7. B 

8. b 

9. b 

10. C 

11. d 

12. b 

13. b 

14. C 

15. magnetic amplifier 

16. small, large 

17. (1) c 

(2) a 

(3) b 



EMC. 
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HAVE you ANSWERED ALL THE 
QUESTIONS CORRECTLY? IF NOT, 
REVIEW THE MATERIAL OR STUDY 
ANOTHER RE30UKCE UNTIL YOU CAN 
ANSWER ALL THE QUESTIONS COR- 
RECTLY. IF YOU HAVE, CONSULT 
YOUR INSTRUCTOR FOR FURTHER 
INSTRUCTIONS, 
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ELECTRONIC PRINCIPLES (MODULAR SELF-PACED) 

MODULE 41 

SYNCHRO-SERVO SYSTEMS 

This Guidance Package is designed to guide you through this module of the Electronic 
Principles Course. This Guidance Package contains specific information, including references 
to other resources you may study, enabling you to satisfy the learning objectives. 



CONTENTS 
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Adjunct Guide 1 

Module Self-Check 5 

Answers 10 



OVERVIEW 

1 ^ SCOPE; Synchro-servo systems are 
used in control applications. These applica- 
tions include antenna control, missile 
guidance and trackings satellite trackings 
gun laying, and automatic pilots. For ex* 
ample^ small synchro devices used with 
amplifiers and motors make up a /servo 
system to control the movements of a radar 
antenna weighing several tons. Here we 
discuss the basic operation of a synchro* 
servo amplifier, and servo control systems. 

2. OBJECTIVES: Upon completion of this 
module* you should be able to satisfy the 
following objectives. 

a. Given a schematic diagram and a 
group of statements^ select the statement 
that describes Ms operation of a synchro 
system. 

b. Given the schematic diagram of a 
basic servo amplifier, identify the push-pull 



amplifier, the stabilization components* and 
the feedback components. 



c. Given a block diagram and a group of 
statements, select the statement that de- 
scribes the operation of a serve control 
system. 



LIST OF RESOURCES 

To satisfy the objectives of this module, 
you may choose* according to your training, 
experience and preferencet any or all of the 
following. 



READING MATERIALS: 
Digest 

Adjunct Guide with Student Text V 



Supersedes KEP^GP-41r dated 1 June 1974. Stocks on hand will be used. 
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AUDIOVISUALS; 

Television Lesson 30'418, Introduction to 

ServoamplifierS 
Television Lesson 30-753^ Synchros 
Television Lesson 30*754> Servo- 

mecbanlsms 



AT THIS POINT, IF YOU FEEL THAT 
THROUGH PREVIOUS EXPERIENCE OR 
TRAINING YOU ARE FAMILIAR WITH 
THIS SUBJECT, YOU MAY TAKE THE 
MODULE SELF-CHECK. IF NOT, SELECT 
ONE OF THE RESOURCES AND BEGIN 
STUDY. CONSULT YOUR INSTRUCTOR 
IF YOU NEED HELP. 



ADJUNCT GUIDE 

INSTRUCTIONS: 

Study the referencedmaterials as directed. 

Return to this guide and answer the 
questions. 

Confirm your answers at the back o£ this 
Guidance Package, 

If you experience any dlHiculty* contact 
your instructor. 

Begin the program. 



In this module you will study synchro^servo 
systems which are electromechanical sys* 
tems used for transmitting mechanical posi* 
tions from one point to another by electrical 
signals. In synchro-servo systems the 
control signals are generated by mechanical 
motion and position^ and are related to the 
angular position of a shaft, Synchro^servo 
systems have a wide range of application. 
They are, rugged and reliable but, llKe any 
equipment* will occasionally need repair, 

A. Turn to the Student Text, Volume V, 
and read paragraphs 9*1 through 9..27. 
Return to this page and answer the following 
questions. 



1^ What is the main difference between a 
synchro system and a servo system? 



2. Synchros are devices which use DC 
voltages for rotor excitation. (True) (False) 

3. Name the two components required to 
form a synchro system. 

a. 



b. 

4, A synchro system uses three-phase 
voltage. (True) (False) 

5- The device used to prevent undesirable 
oscillation in a synchro motor is an 



6, In a synchro generator^what determines 
the phase and amplitude of the voli:age 
induced in each stator winding? 



7, What is the spacing between the three 
stator coils in a synchro generator? 



3* What type of action takes place between 
the rotor and stator of a synchro generator? 



9, In a synchro system the (rotor) (stator) 
is connected to the AC power source. 
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10. A 360^ rotation of a synchro generator 
rotor will Cause the voltage in each stator 
winding to reach a maximum value (once) 
(twice) (three times). 

CONFIRM YOUR ANSWERS. 



4- In a normal synchro system, what de- 
termines the position of the generator rotor? 



B. Turn to the Student Text^ Volume and 
read paragraphs 9-26 through 9-42. Return 
to this page and answer the following 
questions. 



5, When the rotors of a synchro generator 
and motor are not in corresponding positions, 
the resulting torque ^wiU be exerted on both 
rotors. (True) (False) 



Refer to figure 41-1 for questions 1, 2, 
and 3. 




AC 

VOLTAGE 



REP4-1352 



Figure 41-1 

i> What is the maximum angular movement 
obtainable by the rotor when the variable 
tap is moved from position N to position P? 



Refer to figure 41-2 for questions 6 and 7. 

6. With the rotors of the generator and 
motor in the positions as shown, what will 
be the direction of current flow between the 
stator windings? 



7. If the generator rotor is turned 30* 
counterclockwise, the induced voltage will 
cause Current flow between the stator wind- 
ings. List the correct sequence of current 
flow between each pair of windings. 



2. When the variable tap is at position N^ 
^at will be the angular position of the rotor? 



8- Maximum torq^e is produced when the 



generator and motor rotors are 
degrees apart. 



9. Only one synchro motor may be connected 
to a synchro generator. (True) (False) 



3. What will be the angular position of the 
rotor ^en the variable tap is moved to 
position M? 



10. What is the main disadvantage of con- 
necting too many motors to a single synchro 
generator? 
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GENERATOR 

Figure 41-2. Synchro , System 



MOTOR 



CONFIRM YOUR ANSWERS, 

C. Turn to the Student Text* Volume V, 
and read paragraphs 9-43 through 9^60. 
Return to this page and answer the following 
questions. 

1, A servoamplifier combines what two 
functional stages? 



servomotor will determine the 
of rotation of the servomotor. 



3. The phase of the error voltage appUedto 



the servomotor will determine the . 
of rotation of the servomotor. 



a. 



2. In a servoamplifier system* the ampU* 
tude of the error voltage applied to the 



Refler to figure 41-^3 for questions 4 
through 9, 

4. The error voltage applied to control 
winding LI either leads or lags the voltage 

applied to reference winding L2 by 

degrees. 




5 VAC 
REFEReNCE 



Figure 41-3, Servoamplifier 
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Figure 41-3, Servoaraplifier 
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5, What is the purpose of diodes CRl and 
CR2? 

6, What is the phase relation of the error 
signals applied to the bases of Q3 and Q4? 



7, What type of amplifier would the 
combination of Q3 and be classified as? 



d. The circuit composed of Ql and Q2 is 
classified as what type of circuit? 



10, The gain of a servoampliHer should be 
the same for starting the motor as it is for 
running it, (True) (False) 



Use figure 4l.4forquestions 11 through 15, 

11, The block diagram represents what is 
commonly called a system, 

12, Turning the input sihalt produces a/an 
(electrical) (mechanical) signal at the rotor 

the synchro control transformer. 



9, When will the output of the differential 
amplifier be zero? 



13« The rotor of the control transformer is 
mechanically positioned bythe(iiiiput)(ou^t) 
shaft, 

14. AC Une excitation is appUed to the rotors 
of both the synchro generator and synchro 
motor, (True) (False) 
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Figure 41-4 
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15. The angular difference between the input 
and output shafts (determines) (is determined 
by) the signal on coll A, 



CONFIRM YOUR ANSWERS, 



YOU MAY STUDY ANOTHER RESOURCE 
OR TAKE THE MODULE SELF-CHECK, 



MODULE SELF-CHECK 



1. Select the statement that describes the 
operation of a synchro, 

a. Inductive devices are capable of con- 
verting angular Inputs to electrical outputs 
or electrical Inputs to angular ou^uts. 

b, A synchro is a three-phase low torque 

device, 

c. Synchro systems include a poMver 

amplifier. 

_jd. Synchros can change low torque inputs 
into high torque ou^uts. 



Refer to figure 41-5 for questions 2, 3^ 
and 4, 



2, In the system shown^ an inertial damper: 
_a. Controls the speed of the motor, 

— b. Prevents oscillations of the motor- 

c. Maintains alignment of the stators, 

d- Prevents reverse torque of the 

generator, 

3, There Is no torque on the motor because: 
_a. There are no rotor currents, 

b. Rotor currents are out of phase, 

_c, Stator currents are in phase, 
d. There are no stator currents. 



4, If the generator rotor is turned slightly 
clockwise^ the voltages at points: 

a, E, and D would decrease. 

_^b, A and E would increase and D would 
decrease, 

_^c, A and E would decrease andD would 
Increase, 

At Et and D would increase. 




GENERATOR 



WOTOR 

REP4~1361 



Figure 41-5 



317 




S2 NO CURRENT 

T 



26V 

5T NO CURRENT 



NO CURRENT 
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MOTOR 
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O.SSA 
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Figure 41-6, Synchro System 



Ttie stator voltages indicated in figure 
41-6A are: 

a. Steady DC* 

b. Pulsating DC. 

c. Peak AC, 

d. Effective AC, 

6. The dlrectlon(s) of the torque exerted in 
figure 41-6B with the conditions indicated 
is/ are: 

_ap Motor and generator clockwise. 

b. Motor and generator counterclockwisep 



c. Motor clockwise and generator 

counterclockwise, 

d. Motor counterclockwise and generator 

clockwise. 



7, A limiting factor of a basic synchro 
system is: 

_ a. Each motor requires a separate 
generator, 

b. The requirement for three-phase 

power. 

c. The maximum torque capability, 

d. Generators require external inputs. 
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Figure 41-7. Servoampliiier 



Refer to figure 41^7 for questions 6, 
9, and 10. 

6. The feedback Components for the figure 
are: 

a- Rl and R2, 

b- RU and C4- 

C- R8 and R4. 

d- RID and C5- 

9. The push-^puU amplifier in the figure 
Consists of; 

a- Q3i Q4# and the secondaries of Tl. 



b, Ql, Q2, and the primary of Tl. 

C- Ql and Q3- 

d. Q2 and Q4. 

10. The stabilization Components for Q3 and 
Q4 are; 

a- R5 and R6. 

_b. C2 and C4. 

C- CRl and CR2. 

d. C5 and C6. 

Refer to figure 41-6 for questions U 
through 15. 
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Figure 41^8, Servomechanism 
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li. Select the statement Uiat describes the 
operation of a servo system. 



a, A , servo system utilizes synchro 

devices only. 



b. Servo systems produce error signals 

at all times. 



c. Systems using synchros produce 

errors which are amplifiedand drive motors. 



d. The rotors of the synchro devices 

are Connected to the same 115 VAC source. 



12. The voltages on coils A and B oi the 
servomotor are; 

a. In phase, 

b, SO* out of phase, 

c. 180* out ot phase, 

d. Determined by shaft alignment, 

13, When the shafts are aligned, the control 
transformer has no; 

— a. Electrical input, 

b. Mechanical input, 

c. Electrical output, 

d. Input or output. 
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14, The generator stators are connected to 
the: 

_a. Control transformer stators. 

b. Induction motor stators. 

c. Input shaft, 

d. Output shaft. 



15< The control transformer rotor is elec- ^ 
trically connected to the: 

a. Output shaft. 

b. Induction motor. 

c. Servoamplifier input, 

d. Servoamplifier output. 

CONFIRM YOUR ANSWERS. 
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ANSWERS TO A; 

1. The amount of torque each system Is 
Capable of supplying. Small In synchroi 
large In servo. 

2. False 

3. a. Synchro generator 
b. Synchro motor 

4. False 

5. Interial damper 

6. Angular position of the rotor 

7. 120* 

8p Transformer action 

9. Rotor 

10, Twice 

U you missed ANY questions, review the 
material before you continue. 

ANSWERS TO B: 



1. 


60* 


2. 




3. 


30» 


4. 


An exteraal mechanical device 


5. 


True 


6. 


No Current flow 


7. 


A to B, C to D, E to F 


8. 


105° 


9. 


False 



10, Reduced accuracy of entire system 

U you missed ANY questions, review the 
material before you continue. 



ANSWERS TO C: 

1. a. Error amplifier 
b. Power amplifier 

2. S^eed 

3. Direction 

5. Temperature stability 

6. 180* 

7. Push-pull power ampliUer 
6. Differential amplifier 

9. When no error signal is generated 

10. True 

11. Servo 

12. Electrical 

13. Ou^ut 

14. False 

15. Determines 

It you missed ANY questiona, review the 
material before you continue. 

ANSWERS TO MODULE SELF-CHECK: 



1. 


a 


2. 


b 


3. 


d 


4. 


c 


5. 


d 


6. 


d 


7. 


c 


6. 


b 
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HAVE YOU ANSWERED ALL THE 
QUESTK)NS CORRECTLY? IF NOT. 
REVIEW THE MATERIAL OR STUDY 
ANOTHER RESOURCE UNTIL YOU CAN 
ANSWER ALL QUESTIONS CORRECTLY. 
IF YOU HAVE, CONSULT YOUR IN- 
STRUCTOR FOR FURTHERINSTRUCTIONS. 
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